SUBSTITUTE SPECIFICATION 

DATA PROCESSING SYSTEM CONTAINING MULTIPLE DEDICATED PROCESSING 
UNITS CONNECTED VIA DATA TRANSFER UNITS TO A PROGRAM CONTROLLED 
CENTRAL PROCESSOR 

BACKGROUND OF THE INVENTION 
[0001] 1. Field ofthe Invention 

The present invention relates to a data processing system, comprising a data processing unit 
operable to execute data processing under program control and a plurality of data processing units 
operable to execute data processing under wired logic control. 
[0002] 2. Description ofthe Related Art 

Recently, an importance of digital signal processing units, which can perform encoding and/or 
decoding for such as an MPEG (Moving Picture Experts Group) system or a JPEG (Joint Picture 
Experts Group) system, has been increased, as a result of rapid popularization of transmitting and 
receiving of digital video content via digital satellite broadcasting, internet, or portable information 
terminals. 

[0003] Today, various coding systems exist in MPEG format, such a MPEG 1 system for use in 
recording media of CD-ROMs (compact disc-read only memories), for example, a MPEG 2 
system for use in digital television broadcasting or recording media of DVDs (Digital Video Discs) 
and a MPEG4 system for use in a low bit rate system or a general purpose coding system. 
[0004] In order to meet flexibly the various coding systems mentioned above, it is useful to deal 
with the various coding systems by means of software processing, operating on a common 
hardware, using general purpose processors or general purpose digital signal processors. 
[0005] However, a high-performance general puipose processor or a general purpose digital signal 
processor may be required for the software processing, and the software processingconsumes a 
significant amount of electric power, because an enormous amount of data needs to be processed in 



the data processing in the MPEG system or the JPEG system. 

[0006] Since mobile terminal devices such as cellular phones should should operate on battery 
power, it is essential to realize that mobile terminal devices have low electric power consumption. 
[0007] In order to decrease an operating frequency, at which the functional units perform properly, 
a configuration using special purpose hardware with fixed function is often used. 
[0008] With respect to the configuration using special purpose hardware, the reduction of electric 
power consumption is already realized by hardware configuration totally restricted to fixed 
ftjnctions operating at optimal frequency. 

[0009] However, such a countermeasure is not sufficient in terms of flexibility, since all processing 
is performed by hardware alone. In MPEG systems, for example, because a specification of each 
MPEG system is different each other, different kinds of hardware are needed to meet all 
specifications. When one MPEG system is operating, hardware corresponding to other MPEG 
systems does not work As a result, wastefulness rises in the hardware. 

[0010] In a software processing system, a high-performance processor is required. A configuration 
comprising two parts is commonly employed today; one part consists of hardware for a fixed 
routine process that does not demand flexibility in processing, and the other part consists of 
software processing units for specification-dependent processes in the MPEG system. In other 
words, a system comprising both a data processing unit operable under program control and a 
special purpose hardware unit with fixed functions (a data processing unit with wired logic) is 
employed to solve the problem of performance, flexibility, and electric power consumption. Such a 
configuration does not necessitate a high-performance processor. 

[001 1] As a prior-art example, a data processing system, which comprises both a data processing 
unit based on program control and a data processing unit based on a special purpose hardware unit 
with fixed functions, will be explained by using a figure. 

[0012] Fig. 9 shows a diagram of a prior-art data processing system. The prior-art data processing 
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system comprises a main memory 300, a processor 301, a direct memory access controller (DMA 
controller) 302, a data bus 303, and a plurality of the special purpose function units AO ~ An (n is 
an integer equal to or greater than unity), as shown in Fig. 9. 

[0013] The processor 301 comprises a processing circuit 304 and a local data memory 305. The 
processor 301 is, for example, a general purpose processor or a general purpose digital signal 
processor. 

[0014] The special purpose function units AO - An comprise local data memories D0~ Dn and 
special purpose calculating circuits E0 ~ En. 

[001 5] The processor 301 corresponds to the data processing unit operating under program control, 
and each of the special purpose function units AO ~ An corresponds to the data processing unit 
consisting of special purpose hardware with fixed function (data processing units operating under 
wired logic control). 

[0016] The DMA controller 302 controls data transfer between the main memory 300 and the 
processor 301 or data transfer between the main memory 300 and the special purpose function 
units AO -An. 

[001 7] The data bus 303 executes data transfer between the main memory 300 and processor 301 
or data transfer between the main memory 300 and the special purpose function units AO ~ An. 
[001 8] Next, the operation of a system as an example will be is described, using Fig. 9. 
First, a case that the special purpose function unit AO processes the resultant data processed by the 
processor 301 is described. 

[001 9] The processor 301 executes under program control a series of instructions to transfer a part 
of data stored in the main data memory 300 to the local data memory 305 in the processor 301 and 
requests the DMA controller 302 to transfer the data. 

[0020] When the data transfer between the processor 301 and the main data memory 300 or the 
data transfer between the main data memory 300 and the special purpose function units AO - An 
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are simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller 302 finally accepts 
the above-mentioned data transfer request, and executes the data transfer from the main data 
memory 300 to the local data memory 305. 

[002 1] The calculating circuit 304 in the processor 301 executes a processing of data stored in the 
local memory unit 305, and then stores the result of processing into the local data memory 305. 
[0022] Furthermore, the result of processing by the calculating circuit 304 stored in the local data 
memory 305, needs to be temporarily stored in the main memory 300. 

[0023] The processor 301 executes a series of instructions to transfer the data stored in the local 
data memory 305 to the main memory 300, and requests the DMA controller 302 to transfer the 
data. 

[0024] When another data transfer between the processor 301 and the main data memory 300 or 
any data transfer between the special purpose function units AO ~ An and the main data memory 
300 is simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller 302 finally accepts 
the above-mentioned data transfer request, and executes the data transfer from the local data 
memory 305 to the main data memory 300. 

[0025] The path of data transfer described above is a path from the main data memory 300, to the 
data bus 303, to the local data memory 305 in the processor 301, to the calculating circuit 304, to 
the local data memory 305, to the data bus 303, and to the main data memory 300, in this turn. 
[0026] The processor 301 executes a series of instructions to transfer the above-mentioned data 
stored in the main data memory 300 to the local data memory DO in the special purpose function 
unit AO, and requests the DMA controller 302 to transfer the data. 

[0027] When another data transfer between the processor 301 and the main data memory 300 or 
any data transfer between the special purpose function units Al - An and the main data memory 
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300 is simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller finally accepts the 
above-mentioned data transfer request, and executes the data transfer from the main data memory 
300 to the local data memory DO. 

[0028] The special purpose calculating circuit E0 in the special purpose function unit AO executes a 
processing of the data stored in the local memory unit DO, and then stores the result of the 
processing in the local data memory DO. 

[0029] Furthermore, the result of processing by the special purpose-processing circuit E0 stored in 

the local data memory DO needs to be temporarily stored in the main memory 300. 

[0030] The processor 301 executes a series of instructions to transfer the data stored in the local 

data memory DO to the main memory 300, and requests the DMA controller 302 to transfer the 

data 

[0031] When another data transfer between the processor 301 and the main data memory 300 or 
the data transfer between the special purpose function units A 1 - An and the main data memory 
300 is simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller 302 finally accepts 
the above-mentioned data transfer request and executes the data transfer from the local data 
memory DO to the main data memory 300. 

[0032] The path of data transfer described above is a path from the main data memory 300, to the 
data bus 303, to the local data memory DO in the special purpose function unit AO, to the special 
purpose calculating circuit E0, to the local data memory DO, to the data bus 303, and to the main 
data memory 300, in this turn. 

[0033] A data processing of the processor 301 for the result of data processing in the special 
purpose function unit AO will be described. 

[0034] The processor 301 executes, under program control, a series of instructions to transfer a part 
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of data stored in the main data memory 300 to the local data memory DO in the special purpose 
function unit AO, and requests the DMA controller 302 to transfer the data 

[0035] When another data transfer between the processor 301 and the local data memory 300 or 
the data transfer between the special purpose function units Al ~ An and the local data memory 
300 is simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller 302 finally accepts 
the above-mentioned data transfer request, and executes the data transfer from the main data 
memory 300 to the local data memory DO. 

[0036] The special purpose calculating circuit E0 in the special purpose function unit AO executes a 
processing of the data stored in the local memory unit DO, and then stores the result of the 
processing in the local data memory DO. 

[0037] The result of processing by the special purpose calculating circuit E0, stored in the local data 
memory DO, need to be temporarily stored in the main memory 300. 

[0038] The processor 301 executes a series of instructions to transfer the data stored in the local 
data memory DO to the main memory 300, and then requests the DMA controller 302 to transfer 
the data 

[0039] When another data transfer between the processor 301 and the local data memory 300 or 
the data transfer between the special purpose function units Al - An and the local data memory 
300 is simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller 302 finally accepts 
the above-mentioned data transfer request, and executes the data transfer from the local data 
memory DO to the main data memory 300. 

[0040] The path of data transfer described above is a path from the main data memory 300, to the 
data bus 303, to the local data memory DO in the special purpose function unit AO, to the special 
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purpose calculating circuit EO, to the local data memory DO, to the data bus 303, and to the main 
data memory 300, in this turn. 

[0041] The processor 301 executes a series of instructions to transfer the data stored in the main 
data memory 300 to the local memory unit 305 in the processor 301, and then requests the DMA 
controller 302 to transfer the data 

[0042] When another data transfer between the processor 301 and the local data memory 300 or 
the data transfer between the special purpose function units AO ~ An and the local data memory 
300 is simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller 302 finally accepts 
the above-mentioned data transfer request, and executes the data transfer from the main data 
memory 300 to the local data memory 305. 

[0043] The calculating circuit 304 in the processor 301 executes a processing of the data stored in 
the local data memory 305, and then stores the result of the processing in the local data memory 
305. 

[0044] The result of the processing by the processing circuit 304, stored in the local data memory 
305, needs to be temporarily stored in the main memory 300. 

[0045] The processor 301 executes a series of instructions to transfer the data stored in the local 
data memory 305 to the main memory 300, and then requests the DMA controller 302 to transfer 
the data. 

[0046] When another data transfer between the processor 301 and the main data memory 300 or 
the data transfer between the special purpose function units AO - An and the main data memory 
300 is simultaneously requested, the DMA controller 302 arbitrates between these data transfer 
requests and the above-mentioned data transfer request The DMA controller 302 finally accepts 
the above-mentioned data request, and executes the data transfer from the local data memory 305 
to the main data memory 300. 



8 



[0047] The path of data transfer described above is a path from the main data memory 300, to the 
data bus 303, to the local data memory 305 in the processor 301, to the calculating circuit 304, to 
the local data memory 305, to the data bus 303, and to the main data memory 300, in this turn. 
[0048] As described above, in the prior-art data processing system, the data transfer between the 
processor 301, which is a data processing unit based on program control, and special purpose 
function units AO ~ An, which are data processing units based on wired logic control, is performed 
via the main data memory 300 connected to the single data bus 303. 

[0049] Accordingly, as the number of the special purpose function units AO - An is increased, the 
amount of the data transfer on the data bus 303 increases, and a waiting time before transferring 
data for processing arises. As a result, the problem of a decrease in processing efficiency arises in 
the data processing system. 

BRIEF SUMMARY OF THE INVENTION 
[0050] It is an object of the present invention to provide a data processing system with increased 
data processing efficiency, still maintaining the flexibility in the processing based on the program 
control and the reduction effect of electric power consumption due to the wired logic control. 
[0051] A data processing system according to the present invention comprises a first data 
processing unit, performing processing of data under program control, a plurality of second data 
processing units, each performing data processing under wired logic control, a storage unit storing 
data, a first data transfer unit, connecting the first data processing unit and the second data 
processing unit via the storage unit, and a second data transfer unit, connecting the plurality of 
second data processing units. 

[0052] With this structure, since the second data transfer unit, connecting the plurality of second 
data processing units operating under wired logic control is provided, the data transfer between a 
plurality of the second data processing units can be performed via the second data transfer unit. 
[0053] From the reason described above, the frequency of the data transfer via the first data transfer 
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unit can be suppressed. Therefore, when a series of processing by the first data processing unit 
operating under program control and the plurality of the second data processing units operating 
under wired logic control takes place, a shortening of waiting time in data transfer can be realized. 
[0054] As a result, the increase of efficiency for the data processing can be realized, without 
depending on the number of the plurality of the second data processing units. 
[0055] Furthermore, the flexibility in the data processing by the first data processing unit, operating 
under program control, and the reduction effect of the electric power consumption due to the 
second data processing unit, operating under wired logic control, can be maintained. 
[0056] A first aspect of the present invention provides a data processing system comprising a first 
data processing unit operable to perform data processing under program control, a plurality of 
second data processing units, each of the second data processing units operable to perform data 
processing under wired logic control, a storage unit operable to store data, a first date transfer unit 
operable to connect the first data processing unit and the plurality of second data processing units, 
via the storage unit, and a second data transfer unit operable to connect the plurality of second data 
processing units. 

[0057] With this structure, since the second data transfer unit, connecting the plurality of second 
data processing units operating under wired logic control, is provided, the data transfer between a 
plurality of the second data processing units can be performed via the second data transfer unit 
[0058] From the reason described above, the frequency of data transfer via the first data transfer 
unit can be suppressed. Therefore, when a series of processing-takes place in the first data 
processing unit, operating under program control, and in the plurality of the second data processing 
units, operating under wired logic control, a shortening of waiting time in data transfer can be 
realized. 

[0059] As a result, the increase of efficiency of data processing can be realized, without depending 
on the number of a plurality of the second data processing units. 
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[0060] Furthermore, the flexibility in processing by the first data processing unit, operating under 
program control, and the reduction effect of the electric power consumption due to the second data 
processing unit, operating under wired logic control, can be maintained. 

[006 1 ] A second aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, wherein a bilateral data transfer is carried out between one of 
the plurality of second data processing units and another of the plurality of second data processing 
units, using the second data transfer unit. With this structure, the result of processing by one of the 
second data processing units can be processed by another second data processing unit, and vice 
versa. 

[0062] A thW aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, wherein an unilateral data transfer is carried out between one of 
the plurality of second data processing units and another of the plurality of second data processing 
units, using the second data transfer unit 

[0063] With this structure, it is easier to perform control for data transfer in comparison with the 
case of bilateral data transfer. 

[0064] A fourth aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, wherein the second data transfer unit is operable to connect one 
of the plurality of second data processing units and another of the plurality of second data 
processing units in one-to-one correspondence. 

[0065] With this structure, it is easier to perform a control for data transfer in comparison with the 
case of connecting a plurality of the second data processing unit, by the second data transfer unit 
[0066] A fifth aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, wherein the second data transfer unit is operable to connect one 
of the plurality of second data processing units and other of the plurality of second data processing 
units in one-to-many correspondence. 
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[0067] With this structure, the result of the processing by one of the second data processing units 
can be transferred to one data processing unit selected from a plurality of the other second data 
processing units, which are connected each other by a plurality of the second data transfer units. As 
a result, the flexibility in data processing develops. 

[0068] A sixth aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, wherein the second data transfer unit is operable to connect the 
plurality of second data processing units. 

[0069] With this structure, data transfer among a plurality of the second data processing units 

mutually connected by the second data transfer unit, can be arbitrarily performed. 

[0070] A seventh aspect of the present invention provides a data processing system as defined in 

the first aspect of the present invention, wherein the second data transfer unit is operable to connect 

the plurality of second data processing units, and wherein an unilateral data transfer is carried out 

from a prescribed unit of the plurality of second data processing units to a plurality of units of the 

plurality of second data processing units, using the second data transfer unit 

[0071] With this structure, the result of processing in the prescribed second data processing unit can 

be processed in parallel by the other plurality of second data processing units. As a result, high 

speed processing can be achieved. 

[0072] A eighth aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, further comprising a third data transfer unit operable to connect 
the first data processing unit and the second data processing unit 

[0073] With this structure, since the third data transfer unit is provided to connect the first data 
processing unit to the second data processing unit, the result of processing in the first data 
processing unit or the result of processing in the second data processing unit can be directly 
transferred between the first data processing unit and the second data processing unit, without using 
a storage unit or the first data transfer unit. 
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[0074] For this reason, the frequency of data transfer via the first data transfer unit can be 
suppressed furthermore. As a result, the efficiency of data processing can be increased. 
[0075] A ninth aspect of the present invention provides a data processing system as defined in the 
fourth aspect of the present invention, wherein each of the plurality of second data processing units 
comprises a calculating unit, and a fourth data transfer unit operable to connect the calculating unit 
and the second data transfer unit 

[0076] With this structure, without storing temporarily, the result of processing in one of the second 
processing unit can be directly inputted to another second data processing unit via the second data 
transfer unit 

[0077] For this reason, the processing in one of the second data processing unit and the processing 
in another second data processing unit for the result of processing of one of the second data 
processing unit can be performed in parallel. As a result, a high-speed processing can be realized. 
[0078] A tenth aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, wherein the first data processing unit is operable to control data 
transfer via the second data transfer unit 

[0079] With this structure, data transfer among a plurality of the second data processing units can 
be program-controlled by the first data processing unit 

[0080] As a result, data transfer among a plurality of the second data processing units can be fieely 
carried out 

[0081] In comparison with a case of providing a special unit to control the data transfer via the 
second data transfer unit, the reduction in the area of circuits to be packaged can be realized. 
[0082] A eleventh aspect of the present invention provides a data processing system as defined in 
the eighth aspect of the present invention, wherein the first data processing unit is operable to 
control data transfer via the third data transfer unit 

[0083] With this structure, the data transfer between the first data processing unit and the second 
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data processing unit can be program-control led by the first data processing unit 

[0084] As a result, a direct data transfer between the first data processing unit and the second data 

processing unit can be freely performed. 

[0085] In comparison with a case of providing a special unit to control the data transfer via the third 
data transfer unit, the reduction in the area of circuits to be packaged can be realized. 
[0086] A twelfth aspect of the present invention provides a data processing system as defined in the 
first aspect of the present invention, further comprising a first data transfer control unit operable to 
control data transfer via the second data transfer unit. 

[0087] With this structure, in comparison with a case that the first data transfer unit controls the 
data transfer via the second data transfer unit, the load of the first data processing unit can be 
reduced. 

[0088] A thirteenth aspect of the present invention provides a data processing system as defined in 
the eighth aspect of the present invention, further comprising a second data transfer control unit 
operable to control data transfer via the third data transfer unit. 

[0089] With this structure, in comparison with a case that first data transfer unit controls the data 
transfer via the third data transfer unit, the load of the first data processing unit can be reduced. 
[0090] A fourteenth aspect of the present invention provides a data processing system as defined in 
the first aspect of the present invention, wherein the second data processing unit is operable to 
perform processing of encoding. With this structure, processing efficiency of encoding can be 
increase. 

[0091] A fifteenth aspect of the present invention provides a data processing system as defined in 
the first aspect of the present invention, wherein the second data processing unit is operable to 
perform processing of decoding. With this structure, processing efficiency of the decoding can be 
increase. 

[0092] The above, and other objects, features and advantages of the present invention will become 



14 



apparent from the following description read in conjunction with the accompanying drawings, in 
which like reference numerals designate the same elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0093] Fig. 1 is a block diagram of a moving image encoding/decoding apparatus according to 
Embodiment 1 ; 

[0094] Fig. 2 is a block diagram of a moving image encoding/decoding apparatus according to 
Embodiment 2; 

[0095] Fig. 3 is a block diagram of a moving image decoding apparatus according to Embodiment 

3; 

[0096] Fig. 4 is a block diagram of a moving image processing apparatus according to 
Embodiment 4; 

[0097] Fig. 5 is a block diagram of a main part of the moving image encoding/decoding apparatus 
according to Embodiment 5; 

[0098] Figs. 6(a) to (h) are a timing chart of the processing by the moving image 
encoding/decoding apparatus according to Embodiment 5, passing through the local data 
memories; 

[0099] Figs. 7(a) to (e) are a timing chart of the processing by the moving image 
encoding/decoding apparatus according to Embodiment 5, not passing through the local data 
memories; 

[0100] Fig. 8 is a block diagram of a data processing system according to Embodiment 6; and 
[0101] Fig. 9 is a diagram of a prior-art data processing system. 

DETAILED DESCRIPTION OF THE INVENTION 
[0102] Herein after, a description is given of embodiments of the invention with reference to the 
accompanying drawings. 
( EMBODIMENT 1) 
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[0 1 03] Fig. 1 shows a block diagram of a moving image encoding/decoding apparatus according to 
Embodiment 1. As shown in Fig. 1, the moving image encoding^decoding apparatus comprises a 
main data memory 1, a processor 2, a direct memory access controller (DMA controller) 3, a 
special purpose function units U0 ~ U3, a data transfer controllers C01, C12, C23, a data bus 4, and 
adatabusesB01,B12,B23. 

[0104] The processor 2 comprises a calculating circuit 21 and a local data memory 22. The special 
purpose function unit U0 comprises a local data memory MO and a variable length 
encoding/decoding circuit FO. The special purpose function unit Ul comprises a local memory unit 
Ml and a quantization/inverse quantization circuit Fl. The special purpose function unit U2 
comprises a local memory unit M2 and a discrete cosine transform/inverse discrete cosine 
transform (DCT/IDCT) circuit F2. The special purpose function unit U3 comprises a local data 
memory M3 and a motion detection/motion compensation circuit F3. 

[0 1 05] The moving image encoding/decoding apparatus corresponds to the data processing system. 
The processor 2 corresponds to the data processing unit to execute the data processing under 
program control. 

[0106] Each of the special purpose function units U0 ~ U3 corresponds to the data processing unit 
(a data processing unit consisting of a special purpose hardware with a prescribed function) to 
execute data processing under wired logic control. 

[0 1 07] In the present invention, the data buses correspond to units to transfer data. 

[0108] The data transfer controllers CO 1, CI 2, and C23 are collectively expressed as a data transfer 

controller C. 

[0109] The special purpose function units U0 ~ U3 are collectively expressed as a special purpose 
function unit U. 

[0110] The local memory units M0 ~ M3 are collectively expressed as a local memory unit M. 
[0 1 1 1 ] The data bus units B0 1 , B 1 2, and B23 are collectively expressed as a data bus unit B. 
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[0112] The variable length encoding/decoding circuit FO, the quantization/inverse quantization 
circuit Fl, the DCT/IDCT circuit F2, and the motion detecting/motion compensation circuit F3 are 
collectively expressed as a special purpose calculating circuit F. 

[0113] Now, the function/operation of the respective unit as shown in Fig. 1 is described in brief. 
The main memory 1 stores data. For example, Such results as processed results by the processor 2 
or processed results by the special purpose function units U0 ~ U3 are stored in the main data 
memory 1. 

[0114] The processor 2 executes data processing under program control. The local data memory 22 
in the processor 2 stores data transferred from the main memory 1 or results processed by the 
calculating circuit 21. 

[01 15] For example, the processor 2 is a general purpose processor or a general purpose digital 
signal processor. 

[01 16] Hie calculating circuit 21 in the processor 2 executes data manipulation or data operation 
ordered by the instructions. For example, it carries out an operation for the data transferred from the 
main data memory 1 and stored in the local memory 22, and stores the result of the operation into 
the local data memory 22. 

[0117] The local data memory M0 in the special purpose function unit U0 stores the data 
transferred from the main memory 1, the result of processing in the quantization/inverse 
quantization circuit Fl, or the result of processing in the variable length encoding^decoding circuit 
F0. 

[01 18] The variable length encoding/decoding circuit F0 in the special purpose function unit U0 
performs a processing of variable length encoding/decoding for the data stored in the local data 
memory M0, and stores the result of the processing into the data memory unit M0. 
[0119] The local data memory Ml in the special purpose function unit Ul stores the data 
transferred from the main memory 1, the result of the processing in the variable length 
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encoding/decoding circuit FO, the result of the processing in the quantization/inverse quantization 
circuit Fl , or the result of processing in the DCT/IDCT circuit F2. 

[0120] The quantization/inverse quantization circuit Fl in the special purpose liinction unit Ul 
executes the processing of the quantization or the inverse quantization transform for the data stored 
in the local data memory Ml , and then stores the result of the processing into the data memory unit 
Ml. 

[0121] The local data memory M2 in the special purpose function unit U2 stores the data 
transferred from the main memory 1, the result of the processing in the quantization/inverse 
quantization circuit Fl, the result of the processing in the DCT/IDCT circuit F2, or the result of the 
processing in the motion detecting/motion compensation circuit F3. 

[0122] The DCT/IDCT circuit F2 in the special purpose function unit U2 executes the processing 
of the DCT or the IDCT for the data stored in the local memory unit M2, and then stores the result 
of the processing in the local data memory M2. 

[0123] The local data memory M3 in the special purpose function unit U3 stores the data 

transferred from the main data memory 1, the result of the processing in the DCT/IDCT circuit F2, 

or the result of the processing in the motion detecting/motion compensation circuit F3. 

[0124] The motion detecting/motion compensation circuit F3 in the special purpose function unit 

U3 executes the processing of the motion detecting or the motion compensation for the data stored 

in the local memory unit M3, and then stores the result of the processing in the local data memory 

M3. 

[0125] The DMA controller 3 controls the data transfer between the main data memory 1 and the 
processor 2, or the data transfer between the main data memory 1 and the special data Sanction 
units U0-U3. 

[0126] The data bus 4 connects the processor 2 to the special data function units U0 ~ U3 via the 
main data memory 1. 
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[0127] The data bus 4 executes the data transfer between the main data memory 1 and the 

processor 2 or the main data memory 1 and the special data function units U0 ~ U3. 

[0128] The data transfer controller C01 controls the data transfer between the special purpose 

function unit U0 and the special purpose function unit Ul , via the data bus B01 . 

[0129] The data bus B01 connects the special purpose function unit U0 to the special purpose 

function unit Ul, and the data bus B01 executes the data transfer between the special purpose 

function unit U0 and the special purpose function unit Ul . 

[0130] The data transfer controller C12 controls the data transfer between the special purpose 
function unit U 1 and the special purpose function unit U2 via the data bus B 12. 
[0131] The data bus B12 connects the special purpose function unit Ul to the special purpose 
function unit U2 3 and the data bus B 12 executes the data transfer between the special purpose 
function unit Ul and the special purpose function unit U2. 

[0132] The data transfer controller C23 controls the data transfer between the special purpose 
function unit U2 and the special purpose function unit U3 via the data bus B23. 
[0133] The data bus B23 connects the special purpose function unit U2 to the special purpose 
function unit U3, and the data bus B 12 executes the data transfer between the special purpose 
function unit U2 and the special purpose function unit U3. 

[0134] In the moving image encoding/decoding apparatus as shown in Fig. 1, the operation for an 
execution of a processing of the moving image encoding or decoding based on the MPEG system 
is described in the following. 

[0135] The operation for the execution of an encoding process is described. In case of executing the 
encoding process, a moving image data as encoding target (called as "encoding target moving 
image data", hereinafter), stored in the main memory system 1, is first transferred to the local data 
memory 22 in the processor 2. 

[0136] In case of this data transfer, the processor 2 executes a plurality of instructions to transfer the 
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encoding target moving image data, stored in the main memory system 1, to the local data memory 
22, and then requests the DMA controller 3 to transfer the data 

[0137] The DMA controller 3 performs arbitration between the request of the above-mentioned 
data transfer and the other requests of the data transfer via the data bus 4, and finally performs the 
data transfer from the main data memory 1 to the local data memory 22, after accepting the request 
of the above-mentioned data transfer from the processor 2. 

[0138] The path for this data transfer is a path leading to the local data memory 22 in the processor 
2 from the local data memory 1 , via the data bus 4. 

[0139] The calculating circuit 21 in the processor 2 executes data processing as a preprocessing for 
the encoding target moving image data, which is transferred from the main data memory 1 and 
stored in the local data memory 22, and then stores the result of the preprocessing to the local data 
memory 22. 

[0140] The preprocessing is, for example, such preprocessing as removal of noise or reordering of 
frames for bilateral motion compensation. 

[0141] In order to transfer the encoding target moving image data as a result of preprocessing, to 
the special purpose function unit U3, the data is temporarily transferred from the local data memory 
22 to the main data memory 1 . 

[0142] In case of transferring the data from the local data memory 22 to the main data memory 1, 

the processor 2 issues a request of the data transfer to the DMA controller 3. 

[0143] Upon receiving the request, the DMA controller 3 performs arbitration, and then executes 

the data transfer from the local data memory 22 to the main data memory 1 . 

[0144] This data transfer 3 is similar to the data transfer from the main data memory 1 to the local 

data memory 22. 

[0145] The DMA controller 3 informs the processor 2 of the completion of the data transfer, after 
completing the data transfer. 
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[0146] The path for this data transfer is a path leading to the main data memory 1 from the local 
data memory 22 in the processor 2 via the data bus 4. 

[0147] The preprocessed encoding target moving image data, a reference image data, and its 
parameters, the latter two being required in case of executing a motion detecting in the special 
purpose function unit U3, are transferred from the main memory 1 to the local data memory M3 in 
the special purpose function unit U3. 

[0148] Such a data transfer from the main memory 1 to the local data memory M3 in the special 
purpose function unit U3 is executed by a program as follows. 

[0149] The processor 2 receives, from the DMA controller 3, a notice of the completion for the 

data transfer from the local data memory 22 to the main data memory 1 . 

[0 1 50] After receiving the notice of the completion for the data transfer from DMA controller 3, the 

processor 2 issues the DMA controller 3 a request of transferring the data necessary for the 

processing of the motion detecting (the encoding target moving image data after preprocessing, the 

reference image data, and its parameters) from the main data memory 1 to the local data memory 

M3. 

[015 1] The DMA controller 3 performs arbitration between the request of the data transfer of the 
above-mentioned data transfer from the main data memory 1 to the local data memory M3 and the 
other requests of the data transfer (the request of the data transfer via the data bus B23 and the 
request of other data transfer via the data bus 4). 

[0152] The DMA controller 3 performs arbitration between the request of data transfer of the 
above-mentioned data transferred from the local data memory 1 to the local data memory M3 and 
the request of the data transfer via the data bus B23, consulting with the data transfer controller 
C23. 

[0153] After the above-mentioned arbitration, the DMA controller 3 verifies the status of the 
special purpose function unit 3. If the data transfer is possible, the DMA controller 3 executes the 
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data transfer from the main data memory 1 to the local data memory M3. 

[01 54] The path for this data transfer is a path leading to the local data memory M3 in the special 

purpose function unit U3 from the main data memory 1 , via the data bus 4. 

[0155] While the special purpose function unit U3 is in operation and accessing to the local data 

memory M3, The DMA controller 3 stores the request of data transfer for a while. The DMA 

controller 3 controls not to execute the data transfer, until the processing in the special purpose 

function unit U3 completes and the local memory unit M3 is released. 

[01 56] After the above-described data transfer completed, the DMA controller 3 sends a notice of 
the completion to the processor 2. 

[01 57] After receiving the notice of the completing for the data transfer, the processor 2 executes a 
series of instructions to start the data processing in the special purpose function unit U3, and then 
informs the special purpose function unit U3 of the starting of the processing. 
[0158] After receiving the notice of the starting of the processing from the processor 2, the motion 
detection/motion compensation circuit F3 in the special purpose function unit U3 executes the 
processing of the motion detection for the encoding target moving image data, transferred from the 
main data memory 1 and stored in the local data memory M3. 

[01 59] The motion detection/motion compensation circuit F3 stores into the local data memory M3, 
a difference data between the encoded target moving image data and the reference image data, as 
the process result. 

[01 60] The difference data stored in the local data memory M3 in the special purpose function unit 
U3 is transferred to the local data memory M2 in the special purpose function unit U2 via the data 
bus B23. The data transfer is described in the following more concretely. 
[0161] Responding to the completion of storing the difference data in the local memory unit M3, 
the special purpose transform unit U3 sends, to the data transfer controller C23, a request of the 
data transfer to the special purpose function unit U2. 
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[0162] While the special purpose function unit U2 is in operation and accessing to the local data 

memory M2 5 the data transfer controller C23 stores the request of the data transfer for a while. The 

data transfer controller C23 controls not to execute the data transfer, until the processing in the 

special purpose function unit U2 completes and the local memory unit M2 is released. 

[0163] When the special purpose function unit U2 is not in operation and not accessing to the local 

data memory M2, the data transfer controller C23 controls to execute immediately the data transfer 

from the special purpose function unit U3 to the special purpose function unit U2. 

[0164] In case of executing the above-mentioned data transfer from the special purpose fiinction 

unit U3 to the special purpose function unit U2, the data transfer controller C23 performs 

arbitration between the request of the above-mentioned data transfer and the requests of the other 

data transfer (the request of other data transfer via the data bus B23, the request of the data transfer 

via the data bus B 1 2, and the request of the data transfer via the data bus 4). 

[0165] In case of the above-mentioned arbitration, the data transfer controller C23 performs 

arbitration between the request of the above-mentioned data transfer and the request of the data 

transfer via the data bus 4, consulting with the DMA controller 3. 

[0166] The data transfer controller C23 performs arbitration between the request of the 
above-mentioned data transfer and the request of the data transfer via the data bus B12, consulting 
with the data transfer controller C 1 2. 

[01 67] As a result of the above-mentioned arbitration, if the special purpose function unit U2 is in a 
status of accepting the data, the data transfer controller C23 sends the permission of the data 
transfer to the special purpose function unit U3. 

[0168] Under the permission of the data transfer, the special purpose function unit U3 transfers the 
difference data from the local data memory M3 to the local memory unit M2 via the data bus B23. 
[0 1 69] After the completion of the data transfer, the special purpose function unit U3 sends a notice 
of the completion for data transfer to the special purpose function unit U2. 



23 



[0170] As described above, the difference data is transferred from the special purpose function unit 
U3 to the special purpose function unit M2 via the data bus B23. 

[0171] After receiving the notice of the completion of the data transfer sent by the special purpose 
function unit U3, the DCDTDCT unit F2 in the special purpose function unit U2 executes the 
discrete cosine transform (DCT) for the difference data stored in the local memory unit M2, and 
stores into the local memory unit M2 the transform coefficient data as a result of the processing 
(defined as "DCT coefficient data," hereinafter). 

[0172] The DCT coefficient data stored in the local memory unit M2 in the special purpose 
flinction unit U2 is transferred to the local memory unit Ml in the special purpose function unit Ul 
via the data bus B 12. 

[0173] This data transfer is carried out by the data transfer controller C12, after the arbitration 
between the DMA controller 3 and the data transfer controller COL 

[0 1 74] The control of the data transfer by the data transfer controller C 1 2 is similar to the control of , 
the data transfer by the data transfer controller C23 . 

[0 1 75] After the completion of the data transfer, the special purpose function unit U2 sends a notice 

of completion of the data transfer to the special purpose function unit Ul . 

[01 76] After receiving the notice of the completion for the data transfer, sent by the special purpose 

function unit U2, the quantization/inverse quantization circuit Fl in the special purpose function 

unit Ul executes the quantization process for the DCT coefficient data stored in the local memory 

unit M 1 , and then stores the quantized DCT coefficient data as a result into the local memory unit 

Ml. 

[0177] The quantized DCT coefficient data stored in the local memory unit Ml in the special 
purpose function unit Ul is transferred to the local memory unit M0 in the special purpose function 
unit U0 via the data bus B0 1 . 

[0178] This data transfer is carried out by the data transfer controller C01, after the arbitration 
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between the DMA controller 3 and the data transfer controller COL 

[0 1 79] The control of the data transfer by the data transfer controller CO 1 is similar to the control of 
the data transfer by the data transfer controller C23. 

[01 80] After the completion of the data transfer, the special purpose function unit Ul sends a notice 
of the completion of the data transfer to the special purpose function unit U0. 
[0181] After receiving the notice of the completion of the data transfer sent by the special purpose 
function unit Ul, the variable length encoding/ decoding circuit F0 in the special purpose function 
unit U0 executes the processing of variable length encoding for the quantization DCT coefficient 
data stored in the local memory unit MO, and then stores an encoded data as a result in the local 
memory unit MO. 

[0182] The special purpose function unit U0 informs the processor 2 of the completion of the 
encoding. 

[0183] After receiving the notice of the completion of the encoding from the special purpose 
function unit U0, the processor 2 executes a series of instructions for the data transfer from the local 
memory unit M0 to the main data memory 1, and then requests the DMA controller 3 to transfer 
the data. 

[0184] The data transfer from the special purpose function unit U0 to the main data memory 1 is 
performed under program control as follows. 

[01 85] First, the processor 2 receives a notice of the completion for the encoding process from the 
special purpose function unit U0. After receiving the notice of the completion for the encoding 
process, the processor 2 issues, to the DMA controller 3, a request for the data transfer from the 
local memory unit M0 to the main data memory 1 . 

[0186] The DMA controller 3 performs arbitration between the request of the concerned data 
transfer from the local data memory M0 to the main data memory 1 and the request of other data 
transfer via the data bus 4. 
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[0187] After this arbitration, the DMA controller 3 verifies the status of the special purpose 
function unit U0. If the data transfer is possible, the DMA controller 3 executes the data transfer 
from the local data memory MO to the main data memory 1 . 

[0188] The path for the data transfer is a path leading to the main data memory 1 from the local 

data memory MO in the special purpose function unit U0, via the data bus 4. 

[01 89] After the completion of the above-mentioned data transfer, the DMA controller 3 informs 

the processor 2 of the completion of the data transfer. 

As described above, the encoding process is executed. 

[0190] The arbitration between the DMA controller 3 and the data transfer controllers C01, C12 
and C23 is described in detail. 

[0191] For example, it is assumed that the processor 2 executes, under program control, a series of 
instructions to transfer a part of data stored in the main memory 1 to the local data memory M0 in 
the special purpose function unit U0 via the data bus 4, and then issues a request for the data 
transfer to the DMA controller 3. 

[0192] It is also assumed that, when the special purpose function unit Ul completes storing the 
result of the processing for the quantized DCT coefficient data into the local data memory Ml , the 
special purpose function unit Ul issues a request of the data transfer to the data transfer controller 
CO 1 , in oixler to transfer the quantized DCT coefficient data to the special purpose function unit U0 
via the data bus B01. 

[01 93] When the requests of the data transfer to the special purpose function unit U0 conflict each 
other, the DMA controller 3 and the data transfer controller C01 monitor their own status to control 
the execution of the data transfer. The process is described in the following. 
[0 1 94] While the data transfer requested from the processor 2 is executed by the DMA controller 3, 
the data transfer controller C01 controls to execute the data transfer in response to the request of 
data transfer from the special purpose function unit Ul, after the completion of the data transfer in 
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response to the request of data transfer from the processor 2. 

[0195] Inversely, while the data transfer requested from the special purpose function unit Ul is 
executed by the data transfer controller CO 1, the DMA controller 3 controls to execute the data 
transfer in response to the request of the data transfer from the processor 2, after the completion of 
the data transfer in response to the request of data transfer from the special purpose function unit 
Ul. 

[0196] As described above, the arbitration between the DMA controller 3 and the data transfer 
controller C01 is performed. In the examples, the conflicting requests of data transfer to the special 
purpose function unit U0 are described. Conflicting requests of data transfer to the special purpose 
function units Ul ~U3 are also solved under a similar arbitration. 

[0197] Now, the operation for the executing of the decoding is described. The processing of the 
decoding can be realized by an inverse flow of the encoding. In the inverse sequence against the 
encoding, the data transfer is performed as from the special purpose function unit U0, to the special 
purpose function unit Ul, to the special purpose function unit U2, and to the special purpose 
function unit U3. The processing is concretely executed as follows. 

[0198] First, an encoded data as a decoding target (called as "decoding target encoded data", 
hereinafter) is transferred from the main data memory 1 to the local memory unit MO in the special 
purpose function unit U0. 

[0199] Such data transfer from the main data memory 1 to the local memory unit M0 in the special 
purpose function unit U0 is executed under program control as follows. 

[0200] The processor 2 issues, to the DMA controller 3, a request of data transfer for the decoding 
target encoded data from the main data memory 1 to the local data memory M0. 
[0201] The DMA controller 3 performs arbitration between the above-mentioned request of data 
transfer from the main data memory 1 to the local data memory M0 and other requests of the data 
transfer (other requests of the data transfer via the data bus 4 and the request of the data transfer via 
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the data bus BO 1). 

[0202] In this case, the DMA controller 3 performs arbitration between the concerned request of 
data transfer and the request of the data transfer via the data bus B01, consulting with the data 
transfer controller CO 1 . 

[0203] After the above-mentioned arbitration, the DMA controller 3 verifies the status of the 
special purpose function unit U0. If the data transfer is possible, the DMA controller 3 executed the 
data transfer to the local memory MO from the main data memory 1 . 

[0204] The path for the data transfer is a path from the main data memory 1 to the local data 
memory M0 in the special purpose function unit U0, via the data bus 4. 

[0205] While the special purpose function unit U0 is in operation and accessing to the local data 
memory M0, the DMA controller 3 stores the above-mentioned request of data transfer for a while. 
The DMA controller 3 controls not to execute the data transfer, until the processing in the special 
purpose function unit U0 is completed and the local memory M0 is released. 
[0206] After the completion of the above-mentioned data transfer, the DMA controller 3 sends a 
notice of the completion for the data to the processor 2. 

[0207] After receiving the notice of the completion for the data transfer, the processor 2 executes a 
series of instructions to start the processing in the special purpose function unit U0, and then 
informs the special purpose function unit U0 of the starting of the processing. 
[0208] After receiving the notice of the start of the processing from the processor 2, the variable 
length encoding/decoding circuit F0 in the special purpose function unit U0 executes the 
processing of the variable length decoding for the decoding target encoded data, transferred from 
the main data memory 1 and stored in the local data memory M0. 

[0209] The variable length encoding/decoding circuit F0 stores the resultant quantized DCT 
coefficient data in the local data memory M0. 

[0210] The quantized DCT coefficient data stored in the local data memory M0 in the special 
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purpose function unit UO is transferred to the local memory Ml in the special purpose function unit 
Ul via the data bus BOL The data transfer is concretely described in the following. 
[021 1] Responding to the completion of storing the quantized DCT coefficient data in the local 
memory MO, the special purpose function unit UO sends the data transfer controller C01 a request 
of the data transfer to the special purpose function unit Ul . 

[0212] While the special purpose function unit Ul is in operation and accessing to the local data 
memory Ml, the data transfer controller C01 stores the above-mentioned request of data transfer 
for a while. The data transfer controller C01 controls not to execute the data transfer, until the 
processing by the special purpose function unit Ul is completed and the local memory Ml is 
released. 

[021 3] While the special purpose function unit Ul is not in operation and not accessing to and the 
local data memory Ml, the data transfer controller C01 controls to execute immediately the data 
transfer from the special purpose function unit UO to the special purpose function unit Ul . 
[0214] In case of executing the above-mentioned control for the data transfer from the special 
purpose function unit UO to the special purpose function unit Ul, the data transfer controller C01 
performs arbitration between the concerned request of the data transfer and other requests of data 
transfer (the request of the data transfer via the data bus 4, the other requests of data transfer via the 
data bus BO 1 , and the request of the data transfer via the data bus B 12). 

[0215] In this case, the data transfer controller C01 performs arbitration between the 
above-mentioned request of the data transfer and the request of the data transfer via the data bus 4, 
consulting with the DMA controller 3. 

[0216] The data transfer controller C01 performs arbitration between the concerned request of the 
data transfer and the request of the data transfer via the data bus B 12, consulting with the data 
transfer controller C 12. 

[021 7] As a result of the above-mentioned arbitration, if the special purpose function unit Ul is in 
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the state of accepting the data, the data transfer controller C01 sends the permission of the data 
transfer to the special purpose ftinction unit UO. 

[0218] After receiving the permission of the data transfer, the special purpose function unit UO 
transfers the quantized DCT coefficient data from the local memory MO to the local memory Ml 
via the data bus B01. 

[02 1 9] After the completion of the data transfer, the special purpose function unit UO sends a notice 

of the completion for the data transfer to the special purpose ftinction unit U 1 . 

[0220] As described above, the quantized DCT coefficient data is transferred from the special 

purpose function unit UO to the special purpose function unit Ul via the data bus B01 . 

[0221] After receiving the notice of the completion for data transfer sent by the special purpose 

function unit U0, the quantization/inverse quantization circuit Fl in the special purpose function 

unit Ul executes the inverse quantization process for the quantized DCT coefficient data stored in 

the local memory Ml, and then stores the resultant DCT coefficient data into the local memory 

Ml. 

[0222] The DCT coefficient data, stored in the local memory Ml in the special purpose ftinction 
unit Ul , is transferred to the local memory M2 in the special purpose ftinction unit U2 via the data 
busB12. 

[0223] The data transfer is carried out by the data transfer controller CI 2, after the arbitration 
between the DMA controller 3 and the data transfer controller C23. 

[0224] The control of the data-transfer by the data transfer controller C12 is similar to the control of 
data transfer by the data transfer controller CO 1 . 

[0225] After the completion of the data transfer, the special purpose function unit Ul sends a notice 
of the completion for the data transfer to the special purpose ftinction unit U2. 
[0226] After receiving the notice of the completion for the data transfer sent by the special purpose 
ftinction unit Ul, the DCT/IDCT circuit F2 in the special purpose function unit U2 executes the 
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processing of the inverse discrete cosine transform for the DCT coefficient data stored in the local 
memory M2, and then stores the resultant difference data into the local memory M2. 
[0227] The difference data stored in the local memory M2 in the special purpose function U2 is 
transferred to the local memory M3 in the special purpose function unit U3 via the data bus B23. 
[0228] The data transfer is carried out by the data transfer controller C23, after the arbitration 
between the DMA controller 3 and the data transfer controller C23. 

[0229] The control of the data transfer by the data transfer controller C23 is similar to the control of 
the data transfer by the data transfer controller CO 1 . 

[0230] After the completion of the data transfer, the special purpose function unit U2 sends a notice 
of the completion for the data transfer to the special purpose function unit U3. 
[023 1 ] After receiving the notice of the completion for the data transfer sent by the special purpose 
function unit U2, the motion detection/motion compensation circuit F3 in the special purpose 
function unit U3 executes the processing of the motion compensation for the difference data stored 
in the local memory M3, and then stores the resultant decoded moving image data into the local 
memory M3. 

[0232] A reference image data for the motion compensation is transferred to the local memory M3 
via the data bus 4 in advance. 

[0233] After storing the decoded moving image data into the special purpose function unit U3, the 
special purpose function unit U3 sends a notice of the completion for the decoding process to the 
processor 2. 

[0234] After receiving the notice of the completion for the decoding process from the special 
purpose function unit U3, the processor 2 executes a series of instructions for data transfer from the 
local memory M3 to the main memory 1, and then requests the DMA controller 3 to transfer the 
data. 

[0235] The data transfer from the special purpose function unit U3 to the main memory 1 is 
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performed under program control as follows. 

[0236] First, the processor 2 receives a notice of the completion for the decoding process from the 
special purpose function unit U3. After receiving the notice of the completion for the decoding 
process, the processor 2 issues, to the DMA controller 3, a request of the data transfer for the 
decoding data from the local memory M3 to the main memory 1 . 

[0237] The DMA controller 3 performs arbitration between the concerned request of the data 
transfer from the local memory M3 to the main memory 1 and the other requests of data transfer 
via the data bus 4. 

[0238] The DMA controller 3 confirms the status of the special purpose function unit U3 after the 
arbitration. If the data transfer is possible, the DMA controller 3 executes the data transfer from the 
local memory M3 to the main memory 1 . 

[0239] The path for the data transfer is a path leading to the main data memory 1 from the local 
data memory M3 in the special purpose function unit U3, via the data bus 4. 
[0240] After the completion of the above-mentioned data transfer, the DMA controller 3 sends a 
notice of the completion for the decoding process to the processor 2. 

[0241] Upon receiving the notice of the completion for the data transfer, the processor 2 transfers 
the decoded moving image data stored in the main data memory 1 to the local data memory 22. 
[0242] To perform this data transfer, the processor 2 executes a series of instructions to transfer the 
decoded moving image data stored in the main memory 1 to the local data memory 22, and then 
issues a request of the data transfer to the DMA controller 3. 

[0243] The DMA controller 3 performs arbitration between the concerned request of the data 
transfer and the other requests of the data transfer via the data bus 4, and then finally accepts the 
concerned request of the data transfer from the processor 2, and executes the data transfer from the 
main data memory 1 to the local data memory 22. 

[0244] The path for this data transfer is a path from the main data memory 1 to the local data 
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memory 22 of the processor 2 via the data bus 4. 

[0245] The calculating circuit 21 of the processor 2 executes data processing as postprocessing for 
the decoded moving image data transferred from the main data memory 1 and stored in the local 
data memory 22, and then stores the processed result into the local data memory 22. The 
postprocessing includes such processing as noise reduction, for example. 
The resultant postprocessed decoded moving image data is transferred from the local data 
memory 22 to the main memory 1 . 

[0246] In case of transferring the data from the local data memory 22 to the main data memory 1, 

the processor 2 issues a request of the data transfer to the DMA controller 3. 

[0247] The DMA controller 3, after receiving the request, performs arbitration, and then executes 

the data transfer from the local data memory 22 to the main data memory 1 . 

[0248] This process is similar to the process of the data transfer to the local data memory 22 from 

the main data memory 1 . 

[0249] The DMA controller 3 informs the processor 2 of the completion of the data transfer. 
[0250] The path for this data transfer is a path leading to the main data memory 1 from the local 
data memory 22 in the processor 2 via the data bus 4. 
[025 1 ] As described above, the decoding process is executed. 

[0252] In Embodiment 1, the data buses B0 1, B 12, and B23 are provided, connecting to the special 
purpose ftinction units U0 ~ U3 operable under wired logic control. 

[0253] With this structure, the data transfer between the special purpose function units U0 and Ul 
can be performed via the data bus B01. The data transfer between the special purpose function 
units Ul and U2 can be performed via the data bus B12. The data transfer between the special 
purpose function units U2 and U3 can be performed via the data bus B23. 
[0254] As a result, the frequency of data transfer via the data bus 4 can be suppressed. In case of 
executing a series of processing (a series of processing for encoding, a series of processing for 
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decoding) by the processor 2 operable under program control and by the special purpose function 
units UO ~ U3 operable under wired logic control, the waiting time for the data transfer can be 
reduced. 

[0255] As a result, the increase of efficiency for the data processing can be realized, without 

depending on the number of the special purpose function units UO ~ U3. 

[0256] Furthermore, both the flexibility in the data processing by the processor operable under 

program control and the reduction of electric power consumption due to the special purpose 

function units UO ~ U3 operable under wired logic control can be maintained. 

[0257] In Embodiment 1, a bilateral data transfer among the special purpose fiinction units U can 

be performed via the data bus B. 

[0258] Therefore, the result of processing by one special purpose function unit U can be processed 
by another special purpose function unit U, and vice versa. 

[0259] In Embodiment 1, one special purpose function unit U is connected to another special 
purpose function unit U, in one-to-one correspondence, via the data bus B. 
[0260] For example, a special purpose function unit U0 is connected to a special purpose function 
unit U 1 , in one-to-one correspondence, via the data bus B0 1 . 

[0261] In comparison with a case of connection in one-to-many correspondence, die control of the 
data transfer can more easily performed and the reduction in the area of circuits to be packaged can 
be realized. 

[0262] In the data transfer described above, according to the completion of storing the result of 
processing into the local memory M, the special purpose function unit U requests the data transfer 
controller C to transfer the data. 

[0263] The processor 2 can also request the data transfer as follows. The special purpose function 
unit U sets a flag according to the completion of storing the result of the processing in the local 
memory M, or the special purpose function unit U sends the processor 2 an interrupt signal 
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according to the completion of storing the result of the processing in the local data memory M. 
Either the flag or the interrupt signal can be used to inform the processor that the storage of the 
result of the processing into the local data memory M is completed. 

[0264] By judging the completion of the processing in the special purpose function unit U, the 
processor 2 executes a series of instructions to transfer the result of the processing stored in the 
concerned local memory M to another local data memory M connected to the concerned local data 
memory M, and issues, to the data controller Q a request of the data transfer. 
[0265] In the above process, when the concerned special purpose function unit U completes the 
data transfer to another special purpose function unit U connected to the concerned special purpose 
function unit U, the concerned special purpose function unit U informs the other special purpose 
function unit U of the completion of the data transfer. 

[0266] By a trigger of receiving the notice of the completion for data transfer from the concerned 
special purpose function unit U, the other special purpose function units U awake special purpose 
calculating circuits F to operate, thus the calculation process is executed. 
[0267] The special purpose calculating circuits F can also start operating by the control of the 
processor 2 as follows. 

[0268] When the data transfer to the other special purpose function unit U connected to the 
concerned special purpose function unit U completes, the concerned special purpose function unit 
U informs the processor 2 of the completion of the data transfer. 

[0269] After receiving the notice of the completion for the data transfer from the concerned special 
purpose function unit U, the processor 2 issues, under program control, a series of instructions to 
the concerned other special purpose function units U, to start the concerned special purpose 
calculating circuits F. 

[0270] In the above-mentioned case, the control of data transfer via the data bus B among a 
plurality of the special purpose function units U is performed by the data transfer controller C. 
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[0271] However, the control of data transfer via the data bus B among a plurality of the special 
purpose fiinction units U can also be performed by the processor 2. The point is explained referring 
to a concrete example. 

[0272] As an example, a data transfer from a special purpose fiinction unit U0 to a special purpose 
function unit Ul is explained for the case of decoding. 

[0273] When the processing of variable length decoding is completed in the special purpose 
function unit U0 and the data storage into the local data memory MO is completed, the special 
purpose function unit U0 informs the processor 2 of the completion of the processing of variable 
length decoding. 

[0274] Upon receiving the notice, the processor 2 confirms the status of the special purpose 
function unit U 1 . If the special purpose function unit U 1 is in an acceptable status for data transfer, 
the processor 2 sends a notice of the permission for the data transfer to the special purpose function 
unitUO. 

[0275] The special purpose function unit U0 receives the notice of the permission for the data 
transfer, and transfers the data stored in the local data memory M0 to the local data memory Ml via 
the data busBOl. 

[0276] After the completion of the data transfer, the special purpose function unit U0 sends a notice 
of the completion of the data transfer to the processor 2. 

[0277] By the method described above, the data transfer among a plurality of the special purpose 
function units U via the data bus B is also possible. 

[0278] In case that the processor 2 controls the data transfer via the data bus B, the data transfer 
controller C is unnecessary, and the reduction in the area of circuits to be packaged can be realized. 
[0279] In this case, furthermore, the data transfer via the data bus among a plurality of the special 
purpose fiinction units U become possible to be program-controlled by the processor 2. As a 
result, the data transfer among a plurality of the special purpose function units U can be freely 
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performed. 

[0280] In case that the data transfer controller C performs the control of the data transfer via the 
data bus B, the load of the processor 2 can be reduced. 

[028 1 ] The processes of encoding and decoding for the moving image data have been explained as 
the processing of inter frame encoding and inter frame decoding, respectively. 

The processing of intra frame encoding and intra frame decoding can also be performed in a 
similar manner as described above, by the sequence of the operations excluding the processing of 
the special purpose function unit U3. 

In the above-mentioned case, the special purpose function unit U comprises special purpose 
calculating circuits F to execute encoding and decoding processes. 

[0282] The function of the special purpose calculating circuits F is not limited to the one mentioned 
above, and special purpose calculating circuits F with arbitrary functions can be included within the 
present embodiment 

[0283] In the above-mentioned case, it is assumed that the number of special purpose function units 
U is four, the number of data transfer controllers is three, and the number of data buses is three. 
These numbers are not limited to this case and can be set arbitrarily. One data bus comprises a 
plurality of signal lines. 
[0284] (EMBODIMENT 2) 

[0285] Fig. 2 shows a block diagram of a moving image encoding^decoding apparatus according to 
Embodiment 2. In Fig. 2, the same units are labeled by the same symbols as in Fig. 1, and the 
explanation for these is omitted. 

[0286] As shown in Fig. 2, the data processing system according to the present embodiment 
comprises a data transfer controller 6 and a data bus 5, in addition to the configuration of the data 
processing system as shown in Fig. 1 . 

[0287] The encoding processing is explained focusing on the different features from Embodiment 
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1. 

[0288] According to Embodiment 1, after an encoding target moving image data preprocessed by a 
processor 2 is stored in the local memory 22 of the processor 2, the data is transferred to the main 
data memory via the data bus 4. The data is transferred to the local memory M3 of the special 
purpose function unit U3 via the data bus 4, and then the data is processed by the motion 
detecting/motion compensation circuit F3. 

[0289] On the other hand, according to Embodiment 2, after an encoding target moving image data 
preprocessed by the processor 2 is stored in the local memory of the processor 2, the data is 
transferred to the local memory M3 of the special purpose function unit U3 via the data bus 5, and 
then the data is processed by the motion detection/motion compensation circuit F3. The detail is 
described in the following. 

[0290] In case of transferring the data from the local data memory 22 of the processor 2 to the local 
data memory M3, the processor 2 issues a data transfer request to the data transfer controller 6. 
[0291] The data transfer controller 6 performs arbitration between the request of the data transfer 
from the local data memory 22 of the processor 2 to the local data memory M3 of the special 
purpose function unit U3 and the request of the data transfer via the data bus B23, consulting with 
the data transfer controller 23. 

[0292] The data transfer controller 6 confirms the status of the special purpose function unit U3 
after the arbitration. When the data transfer is possible, the data transfer controller 6 executes the 
data transfer from the local memory 22 to the local data memory M3. 

[0293] After the data transfer is completed, the data transfer controller 6 informs the processor 2 of 
the completion for the data transfer. 

[0294] The path for this data transfer is a path from the local data memory 22 of the processor 2 to 

the local data memory M3 in the special purpose function unit U3 via the data bus 5. 

[0295] While the special purpose function unit U3 in operation and accessing to the local data 
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memory M3, the data transfer controller C6 stores the above-mentioned request of the data transfer 
for a while, and controls not to execute the data transfer, until the processing by the special purpose 
function unit U3 is completed, and the local memory M3 is released. 

[0296] After receiving the notice of the completion for the data transfer, the processor 2 executes a 
series of instructions for the starting of the processing in the special purpose function unit U3, and 
then informs the special purpose function unit U3 of the starting for the processing. 
[0297] Upon receiving the notice, the motion detection/motion compensation circuit F3 in the 
special purpose function unit U3 executes the motion detection process for the encoding target 
moving image data, and then stores the difference data as a result into the local data memory M3. 
[0298] The difference data stored in the local data memory M3 is transferred to the local data 
memory M3, under the control of the data transfer controller C23. 

[0299] In this data transfer, in addition to the arbitration between the DMA controller 3 and the data 
transfer controller CI 2, similarly to the case in the first embodiment, the data transfer controller 
C23 performs arbitration between the above-mentioned request of the data transfer and the request 
of the data transfer via the data bus 5 between the local data memory 22 of the processor 2 and the 
local data memory M2, consulting with the data transfer controller 6. 

[0300] The DCT/IDCT circuit F2 executes the OCT/IDCT process for the difference data stored in 
the local data memory M2, and then stores the resultant DCT coefficient data into the local data 
memory M2. 

[0301] The DCT coefficient data stored in the local data memory M2 is transferred to the local data 
memory M 1 , under the control of the data transfer controller C 1 2. 

[0302] In this data transfer, in addition to the arbitration between the DMA controller 3 and the data 
transfer controller C01, similarly to the case in the first embodiment, the data transfer controller 
CI 2 performs arbitration between the above-mentioned request of the data transfer and the request 
of the data transfer via the data bus 5 between the local data memory 22 and the local data memory 
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M 1 , consulting with the data transfer controller 6. 

[0303] The quantization/inverse quantization circuit Fl executes the processing of the quantization 
for the DCT coefficient data stored in the local data memory Ml, and then stores the resultant 
quantized DCT coefficient data into the local data memory Ml . 

[0304] The processor 2 performs an adaptive processing for the quantized DCT coefficient data 
stored in the local data memory M 1 . 

[0305] In this case, in order to perform the adaptive processing, the processor 2 transfers the 
quantized DCT coefficient data stored in the local data memory Ml to the local data memory 22 in 
the processor 2. The detail is described in the following. 

[0306] The processor 2 executes a series of instructions to transfer the quantized DCT coefficient 
data stored in the local data memory Ml to the local data memory 22, and issues the request of the 
data transfer to the data transfer controller 6. 

[0307] The data transfer controller 6 performs arbitration between the above-mentioned request of 
the data transfer and other requests of the data transfer (the request of the data transfer via the data 
bus 4, the request of the data transfer via the data bus B01 , the request of the data transfer via the 
data bus B12 and the request of the data transfer via the data bus 5), and finally accepts the 
above-mentioned request of the data transfer by the processor 2, and then performs the data transfer 
from the local data memory M 1 to the local data memory 22 of the processor 2. 
[0308] The path for this data transfer is a path from the local data memory Ml to the local data 
memory 22 of the processor 2 via the data bus 5. 

[0309] The data transfer controller 6 performs arbitration between above-mentioned request of the 
data transfer and the request of the data transfer via the data bus 4, consulting with the DMA 
controller 3. 

[03 1 0] The data transfer controller 6 performs arbitration between the above-mentioned request of 
data transfer and the request of the data transfer via data bus B0 1, consulting with the data transfer 
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controller C01. 

[03 1 1 ] The data transfer controller 6 performs arbitration between the above-mentioned request of 
data transfer and the request of the data transfer via the data bus B12, consulting with the data 
transfer controller C 1 2. 

[0312] The calculating circuit 21 of the processor 2 performs an adaptive processing for the 
quantized DCT coeflFicient data that is transferred from the local data memory Ml and stored in the 
local data memory 22. 

[0313] The following processing is performed as the adaptive processing, for example. The 
processor 2 counts the number of quantized DCT coefficient data whose value is equal to "0", and 
calculates the maximum value of the absolute values for the quantized DCT coeflFicient data whose 
value is not equal to "0". 

[0314] When the number of the quantized DCT coefficient data, whose values equal to "0" is 
larger than a first predetermined threshold, and the maximum value of the absolute values for the 
quantized DCT coefficient date, whose values do not equal to "0", is smaller than a second 
predetermined threshold, the processor 2 does not execute the processing of the encoding target 
moving image data, because the processor 2 decides that the encoding target moving image data, 
which corresponds to the quantized DCT coefficient data transferred from the local data memory 
Ml, is same as the reference image data. Afterwards, the processor 2 stops the subsequent 
encoding process for the above-mentioned quantized DCT coefficient data. 
[0315] By performing the above-mentioned adaptive processing, the improvement of efficiency 
for the encoding and the reduction of the amount of processing for the encoding can be possible. 
[03 1 6] On the other hand, when the number of the quantized DCT coefficient data, whose values 
equal to "0", is smaller than the first predetermined threshold, or the maximum value of the 
absolute values for the quantized DCT coefficient data, whose values do not equal to "0" is larger 
than the second predetermined threshold, the processor 2 continues the processing for the 
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above-mentioned quantized DCT coefficient data, after the processor 2 decides that the encoding 
target moving image data, which corresponds to the quantized DCT coefficient data transferred 
from the local data memory M 1 , is not same as the reference data 

[0317] When the encoding processing is continued, the quantized DCT coefficient data stored in 
the local data memory Ml is transferred to the local memory MO, under the control of the data 
transfer controller CO 1 . 

In this transfer, in addition to the arbitration by the DMA controller, as in the first embodiment, the 
data transfer controller C01 performs arbitration between the above-mentioned request of the data 
transfer and the request of the data transfer between the local data memory 22 of the processor 2 
and the local data memory MO via the data bus 5, consulting with the data transfer controller 6. 
[0318] The variable length encoding/decoding circuit F0 performs the processing of the variable 
length encoding for the quantized DCT coefficient data stored in the local data memory MO, and 
stores the resultant encoding data into the local data memory MO. 

[0319] The encoding data stored in the local data memory MO is transferred to the main data 
memory 1, under the control of the DMA controller 3. 

[0320] The decoding processing is now described, focusing on different features from 
Embodiment 1 . The processing of the decoding can be realized by an inverse flow of the encoding. 
Contrary to the encoding processing, the data is transferred from the special purpose function unit 
U0, to tine special purpose function unit Ul, to the special purpose function unit U2, and to the 
special purpose function unit U3, in this sequence. The processing is more specified in the 
following. 

[0321] The decoding target encoded data stored in the main data memory 1 is transferred to the 
local memory M0 via the data bus 4, under the control of the DMA controller 3. 
[0322] In this data transfer, in addition to the arbitration with the data transfer controller CO 1, as in 
Embodiment 1, the DMA controller 3 performs arbitration between the above-mentioned request 
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of the data transfer and the request of the data transfer between the local data memory 22 and the 
local data memory MO via the data bus 5, consulting with the data transfer controller 6. 
[0323] The variable length encoding/decoding circuit F0 executes the processing of variable length 
decoding for the decoding target encoded data stored in the local memory MO, and then stores the 
resultant quantized OCT coefficient data into the local memory MO. 

The quantized OCT coefficient data stored in the local data memory MO is transferred to the local 
memory M 1 , under the control of the data transfer controller C01 . 

[0324] In this transfer, in addition to the arbitration between the DMA controller 3 and the data 
transfer controller CI 2, as in Embodiment 1, the data transfer controller C01 performs arbitration 
between the above-mentioned request of the data transfer and the request of the data transfer 
between the local data memory 22 of the processor 2 and the local data memory Ml via the data 
bus 5, consulting with the data transfer controller 6. 

[0325] The quantization/inverse quantization circuit Fl executes the inverse quantization for the 
quantized DCT coefficient data stored in the local memory Ml , and then stores the resultant OCT 
coefficient data into the local memory Ml . 

[0326] The DCT coefficient data stored in the local memory Ml is transferred to the local memory 
M2, under the control of the data transfer controller C 1 2. 

[0327] In this transfer, in addition to the arbitration between the DMA controller 3 and the data 
transfer controller C23, as in Embodiment 1, the data transfer controller C12 performs arbitration 
between the above-mentioned request of the data transfer and the request of the data transfer 
between the local data memory 22 of the processor 2 and the local data memory M2 via the data 
bus 5, consulting with the data transfer controller 6. 

[0328] The DCT/1DCT circuit F2 executes the inverse discrete cosine transform process for the 
DCT coefficient data stored in the local memory M2, and then stores the resultant difference data 
into the local memory M2. 
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[0329] The difference data stored in the local data memory M2 is transferred to the local data 
memory M3, under the control of the data transfer controller C23. 

[0330] In this transfer, in addition to the arbitration from the DMA controller, as in Embodiment 1, 
the data transfer controller C23 performs arbitration between the above-mentioned request of the 
data transfer and the request of the data transfer between the local data memory 22 of the processor 
2 and the local data memory M3 via the data bus 5, consulting with the data transfer controller 6. 
[0331] The motion detecting/motion compensation circuit F3 executes the motion compensation 
process for the difference data stored in the local data memory M3, and then stores the resultant 
decoded moving image data into the local memory M3. 

[0332] In Embodiment 1, the decoded moving image data stored in the local data memory M3 is 
transferred to the main memory 1 via the data bus 4, and is transferred to the local data memory 22 
in the processor 2, and then the postprocessing is performed. 

[0333] Contrary to Embodiment 1, in the present embodiment, the decoded moving image data 
stored in the local data memory M3 is transferred to the local data memory 22 of the processor 2 
via data bus 5, and then the postprocessing is performed. The detail is described in the following. 
[0334] When the data is transferred from the local memory M3 of the special purpose function U3 
to the local memory unit 22 of the processor 2, the processor 2 issues a request of the data transfer 
to the data transfer controller 6. 

[0335] The data transfer controller 6 performs arbitration between the above-mentioned request of 
the data transfer and other requests of the data transfer via the data bus 5. 
[0336] The data transfer controller 6 performs arbitration between the above-mentioned request of 
the data transfer and other requests of data transfer via the data bus 4, consulting with the DMA 
controller 3. 

[0337] The data transfer controller 6 confirms the status of the special purpose fiinction unit 3. 
When the data transfer is possible, the data transfer controller 6 performs the data transfer from the 
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local data memory M3 to the local data memory 22. 

[0338] The data transfer controller 6 informs the processor 2 of the completion for the data transfer. 
[0339] The path for this data transfer is a path from the local data memory M3 of the special 
purpose function unit U3 to the local data memory 22 of the processor 2 via the data bus 5. 
[0340] While the special purpose function unit U3 is in operation and accessing to the local data 
memory M3, the data transfer controller 6 stores the above-mentioned request of data transfer for a 
while, and controls not to execute the data transfer, until the processing by the special purpose 
function unit U3 completes and the local memory M3 is released 

[0341] After the processor 2 receives the notice of the completion for the data transfer, the 
processor 2 executes the postprocessing for the decoded moving image data stored in the local data 
memory 22, and then stores the result data into the local memory 22. 

[0342] The postprocessed decoded moving image data stored in the local data memory 22 is 
transferred to the main memory 1 via the data bus 4, under the control of the DMA controller 3. 
[0343] After the data transfer is completed, the DMA controller 3 informs the processor 2 of the 
completion for the data transfer. 

[0344] As described above, Embodiment 2 comprises the same configuration as in Embodiment 1 . 
For this reason, the present embodiment can improve the efficiency of the data processing, while 
maintaining flexibility of data processing under program control and reduction of the electric 
power consumption. Furthermore, the present embodiment has the same effects as in Embodiment 
1. 

[0345] In the present embodiment, the data bus 5 directly connects the processor 2 and the special 
purpose function units U0 ~ U3. 

[0346] According to this arrangement, the processed results of the processor 2 and the special 
purpose function units U0 ~ U3 are bilaterally received and sent between them, without passing 
through the main data memory 1 and the data bus 4. 
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[0347] For the above-mentioned reason, the frequency of the data transfer via the data bus 4 can be 
suppressed. As a result, the efficiency of data transfer can be improved. 

[0348] In the case described above, the data bus 5 is connected to all special purpose function units 
U0 ~ U3, but the connecting destinations from the data bus 5 can be arbitrarily set 
[0349] As described above, the control of the data transfer between the special purpose function 
units U0 ~ U3 and the local data memory 22 via the data bus 5 is performed by the data transfer 
controller 6. 

[0350] Such control of the data transfer can also be performed by the processor 2. 
[035 1 ] In case that the processor 2 performs the control of the data transfer via the data bus 5, the 
data transfer controller 6 becomes unnecessary. Therefore, the reduction in the area of circuits to be 
packaged can be realized. 

[0352] Furthermore, in this case, the data transfer between the processor 2 and the special purpose 
function units U0 ~ U3 via the data bus 5 can be performed by the processor 2 under program 
control. As a result, a direct data transfer between the processor 2 and the special purpose function 
units U0 - U3 can be freely performed. 

[0353] On the other hand, in case that the data transfer controller 6 performs the control of the data 
transfer via the data bus 5, the load of the processor 2 can be reduced. 
[0354] (EMBODIMENT 3) 

[0355] Fig. 3 shows a block diagram of a moving image decoding apparatus according to 
Embodiment 3. In Fig. 3, the same components as in Fig. 1 are labeled with the same symbols as in 
Fig. 1, and their explanations are properly omitted. 

[0356] As shown in Fig. 3, the moving image decoding unit comprises a main data memory 1, a 
processor 2, a direct memory access (DMA) controller 3, special purpose function units cf>0 — <t> 3, 
data transfer controllers C01, C12, C23, a data buses bOl, bl2, b23, a data transfer controller 8, and 
a data bus b03. The processor 2 comprises a calculating circuit 21 and a local data memory 22. 



46 



[0357] The special purpose function unit tyQ comprises a local data memory MO and a variable 
length decoding circuit coO. The special purpose function unit <))1 comprises a local data memory 
Ml and an inverse quantization circuit col . The special purpose function unit §2 comprises a local 
data memory M2 and an inverse discrete cosine transform circuit (IDCT circuit) a>2. The special 
purpose function unit <|>3 comprises a local data memory M3 and a motion compensation circuit 
0)3. 

[0358] The moving image decoding unit corresponds to a data processing system. The processor 2 
corresponds to a data processing unit for executing data processing under program control. 
[0359] Each of special purpose function units <|)0 ~ <j>3 corresponds to a data processing unit 
(special purpose function unit with a designated function) for executing data processing under 
wired logic control. 

[0360] The data transfer controllers C01, C12, C23, and 8 are collectively expressed as a data 
transfer controller C. 

[0361] The special purpose function units §0 ~ <|>3 are collectively expressed as a special purpose 
function unit <|>. 

[0362] The local data memories M0 - M3 are collectively expressed as a local data memory M. 
[0363] The data buses 0 1 , b 1 2, b23 and b03 are collectively expressed as a data bus b. 
[0364] The variable length decoding circuit coO, the inverse quantization decoding circuit col, the 
IDCT circuit co2, and the motion compensation circuit co3 are collectively expressed as a special 
purpose calculating circuit oo. 

[0365] The data bus 4 connects the processor 2 and the special purpose function units §0 ~ §3 via 
the main memory 1 . 

[0366] The data bus bOl connects the special purpose function unit §0 and the special purpose 
function unit <|>1. The data bus bl2 connects the special purpose function unit <|>1 and the special 
purpose function unit <|)2. The data bus b23 connects the special purpose function unit <|)2 and the 
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special purpose function unit <|>3. The data bus t>03 connects the special purpose function unit <)>0 
and the special purpose function unit <|)3. 

[0367] The decoding process is explained, focusing on the different features from the decoding 
process described in Embodiment 1 . The decoding target encoded data stored in the main memory 
1 is transferred to the local memory unit MO via the data bus 4, under the control of DMA 
controller 3. 

[0368] The variable length decoding circuit ooO executes the processing of variable length decoding 
and stores the resultant quantized DCT coefficient data into the local data memory MO. 
[0369] As one of the codes for variable length encoding in MPEG4 moving image coding system, 
there is a code called as "not-coded", which is applied to a macro block with no motion detected in 
the motion detection. 

[0370] The "not-coded" code indicates that all the quantized DCT coefficient data in the macro 
block is "0". The code is one of the codes provided for the reduction of an amount of encoded data 
after the variable length encoding. 

[0371] When the code "not-coded" is detected in the process of variable length decoding, it is 
unnecessary to subsequently execute the inverse quantization process and the inverse discrete 
cosine transform process. The reference image in the motion compensation process can be 
regarded as the resultant decoded image. 

[0372] Therefore, when the code "not-coded" is detected in the special purpose function unit <|)0, 
data "0" is stored into the local data memory M0 of the special purpose function unit <j)0. 
[0373] The data "0" stored in the local data memory M0 is transferred to the local data memory 
M3 of the special purpose function unit <j)3 via the data bus b03, by the control of the data transfer 
controller 8. 

[0374] In this data transfer, the data transfer controller 8 performs arbitration between the request of 
the concerned data transfer and the request of the data transfer via the data bus b23, consulting with 
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the data transfer controller C23. 

[0375] The data transfer controller 8 performs arbitration between the request of the concerned data 
transfer and the request of the data transfer via the data bus 4, consulting with the DMA controller 
3. 

[0376] After the arbitration, the data transfer controller 8 verifies the status of the special purpose 
function unit <|>3 . If the special purpose function unit <|>3 is in the acceptable state for the data transfer, 
the data "0" stored in the local data memory MO is transferred to the local data memory M3 via the 
data bus b03. 

[0377] After the completion of the data transfer, the special purpose function unit $0 informs the 
special purpose function unit <(>3 of the completion of the transfer. 

[0378] While the special purpose function unit <|)3 is in operation and accessing to the local data 
memory M3, the data transfer controller 8 stores the request of the concerned data transfer 
temporarily, and controls not to execute the data transfer, until the processing by the special 
purpose function unit (j)3 is completed and the local memory M3 is released. 
[0379] On the contrary, when the code "not-coded" is not detected in the special purpose function 
unit <|>0, the quantized OCT coefficient data stored in the local data memory M0 is transferred to the 
local data memory M 1 via the data bus bO 1 , under the control of the data transfer controller CO 1 . 
[0380] In case of this data transfer, the data transfer controller C01 performs arbitration with the 
DMA controller 3, in a similar manner as in Embodiment 1 . 

[038 1 ] After the completion of the data transfer, the special purpose function unit §0 sends a notice 
of the completion of the data transfer to the special purpose function unit <(>1 . 
[0382] Upon receiving the notice, the inverse quantization circuit col executes the inverse 
quantization process for the quantized DCT coefficient data stored in the local memory Ml, and 
stores the resultant DCT coefficient data into the local memory Ml . 

[0383] The DCT coefficient data stored in the local memory Ml is transferred to the local memory 
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M2 via the data bus b 12, by the control of the data transfer controller CI 2. 

[0384] In this data transfer, the data transfer controller CI 2 performs arbitration with the DMA 

controller 3, in a similar manner as in Embodiment 1. 

[0385] After the completion of the data transfer, the special purpose function unit <|)1 sends a notice 
of the completion of the data transfer to the special purpose function unit (|)2. 
[0386] Upon receiving the notice, the IDCT circuit 0)2 executes the IDCT process for the DCT 
coefficient data stored in the local memory M2, and stores the resultant difference data into the 
local memory M2. 

[0387] The difference data stored in the local memory M2 is transferred to the local memory M3 
via the data bus b23, by the control of the data transfer controller C23. 

[0388] In this data transfer, the data transfer controller C23 performs arbitration with the DMA 
controller 3, in a similar manner as in Embodiment 1 . 

[0389] The data transfer controller 23 also performs arbitration with the data transfer controller 8. 
[0390] After the completion of the data transfer, the special purpose function unit (j)2 sends a notice 
of the completion of the data transfer to the special purpose function unit §3. 
[0391] Upon receiving the notice, the motion compensation circuit co3 executes the motion 
compensation process for the difference data stored in the local memory unit M3, and stores the 
resultant decoded moving image data into the local memory M3. 

[0392] The decoded moving image data stored in the local data memory M3 is transferred to the 

main memory 1 via the data bus 4, and it is further transferred from the main memory 1 to the local 

data memory 22 of the processor 2, via the data bus 4, and then it is postprocessed. The decoding 

process described above is similar to the decoding process in Embodiment 1 . 

[0393] As described above, in Embodiment 1, the data buses bOl, bl2, b23, and b03, connecting 

the special purpose function units (|)0 ~ $3 under wired logic control, are provided. 

[0394] With such a structure, the data transfer between the special purpose function unit §0 and the 
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special purpose function unit <|)1 can be carried out via the data bus bOL The data transfer between 
the special purpose function unit <|>1 and the special purpose function unit <|>2 can be carried out via 
the data bus b 12. The data transfer between the special purpose function unit §2 and the special 
purpose function unit <j)3 can be carried out via the data bus b23. And the data transfer between the 
special purpose function unit <|)0 and the special purpose function unit <(>3 can be carried out via the 
data bus t>03. 

[0395] As a result, the frequency of the data transfer via the data bus 4 can be suppressed. 
Therefore, in executing a series of processing (a series of processing for decoding ) by the 
processor 2, operable under program control, and by the special purpose function units <|)0 ~ <))3, the 
waiting time for the data transfer can be suppressed. 

[0396] As a result, the processing efficiency can increased independently of the number of the 
special purpose function units <(>0 ~ <|>3. 

[0397] Furthermore, the flexibility in the data processing by the processor 2, operable under 
program control, and the reduction of electric power consumption by the special purpose function 
units <j)0 ~ <|)3, operable under wired logic control, can be maintained. 

[0398] In the present embodiment, the data bus b performs unilateral data transfer among the 
special purpose function units <|). 

[0399] Therefore, it is easier to control the data transfer than in the case of bilateral data transfer. 
[0400] In the present embodiment, the special purpose function unit §0 is connected to the special 
purpose function units <)>1 and <|>3, in one-to-many correspondence, by the data buses bOl and b03. 
[0401] Due to the above-mentioned structure, the result of the processing by the special purpose 
function unit <j>0 can be transferred to a special purpose function unit selected from a plurality of the 
special purpose function units <|>1 and (|)3. As a result, the degree of freedom in data processing can 
be increased. 

[0402] In a similar manner as in Embodiment 1 , according to the completion of storing the result of 
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the processing into the local data memory M, the special purpose function unit <|> requests the data 
transfer controller C to transfer the data 

[0403] As explained in Embodiment 1 , the processor 2 can also request the data transfer controller 
C to transfer the data 

[0404] In a similar manner as in Embodiment 1, when the special purpose function unit 
<|> completes the data transfer to other connected special purpose function units <|), the special 
purpose function unit § informs the other connected special purpose function units § of the 
completion of the data transfer. 

[0405] By a trigger of receiving the notice of the completion for data transfer from special purpose 
function units <|>, the special purpose calculating circuits co start and execute calculations in the other 
special purpose function units (|). 

[0406] The special purpose calculating circuit go can also be started by the control of the processor 
2, in the same way as in Embodiment 1. 

[0407] As mentioned above, the control of the data transfer among a plurality of the special 

purpose function units § via the data bus b is executed by the data transfer controller C. 

[0408] In a similar manner as explained in Embodiment 1, the control of the data transfer among a 

plurality of the special purpose function units <J> via the data bus b is also executed by the processor 

2. 

[0409] In case that the processor 2 executes the control of the data transfer via the data bus b, the 
data transfer controller C becomes unnecessary and the reduction in the area of circuits to be 
packaged can be realized. 

[04 1 0] Furthermore, in this case, the data transfer among plural special purpose function units <j) via 
the data bus b becomes possible to be program-controlled by the processing 2. As a result, the data 
transfer between the plural special purpose function units <j) can be freely performed. 
[041 1] On the contrary, in case that the data transfer controller C performs the control of the data 
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transfer via the data bus b, the load of the processor 2 can be reduced. 

[0412] In the above case, the selection of the destination for the data transfer from the special 

purpose function unit (|)0 is performed by the special purpose function unit <|)0. 

[0413] The selection of the destination for the data transfer from the special purpose function unit 

<(>0 can be also performed by the processor 2. The point is explained referring to a concrete 

example. 

[0414] Assume a data transfer from the special purpose function unit <|)0 to the special purpose 
function unit (j)l or to the special purpose function unit <|>3. 

[041 5] When the processing of variable length decoding in the special purpose function unit <)>0 is 
completed and the storage of data into the local data memory MO is completed, the special purpose 
function unit $0 sends a notice of the completion of the processing of variable length decoding to 
the processor! 

[0416] Upon receiving the notice, the processor 2 verifies, at the special purpose function unit <|)0, 
the kind of the decoded codes. 

[0417] When the decoded code is "not-coded", the processor 2 verifies the status of the special 
purpose function unit <|>3. If the data transfer is possible for the special purpose function unit <|>3, the 
processor 2 sends, to the special purpose function unit <|)0, a notice for the data transfer to the special 
purpose function unit <|>3. 

[041 8] After receiving the notice, the special purpose function unit <j>0 transfers the data "0" stored 
in the local data memory M0 to the local data memory M3 via the data bus b03. 
[0419] After the completion of the data transfer, the special purpose function unit <|>0 informs the 
processor 2 of the completion of data transfer. 

[0420] When the decoded code is not "not-coded", since the quantized DCT coefficient data exists, 
the processor 2 verifies the status of the special purpose function unit <f>l. If the transfer of the 
decoded quantized DCT coefficient data is possible, the processor 2 sends, to the special purpose 
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function unit <|>0, a notice of the data transfer to the special purpose function unit <(>1 . 
[042 1 ] After receiving the notice of the data transfer, the special purpose function unit §Q transfers 
the quantized DCT coefficient data stored in the local data memory MO to the local data memory 
M 1 via the data bus bOl . 

[0422] After the completion of the data transfer, the special purpose function unit §0 sends a notice 
of the completion of the data transfer to the processor 2. 

[0423] In this way, it is also possible that the selection of the destination for the data transfer from 
the special purpose function unit §0 is made by the processor 2. 

[0424] It has been so far explained that the processing of the moving image decoding corresponds 
to the inter frame decoding process. 

[0425] The intra frame decoding process can also be performed in a similar manner as described 
above, by the sequence of the operations excluding the processing of the special purpose function 
unit (j)3. 

[0426] In the above explanation, the special purpose function unit § comprises the special purpose 
calculating circuit co to execute the decoding process. 

[0427] However, the function of the special purpose calculating circuit co is not limited to the 
above-mentioned function. The present embodiment can be applied to a special purpose 
calculating circuit a) with an arbitrary function. 

[0428] In the above-mentioned case, it is assumed that the number of special purpose function unit 
<|) is four, the number of data transfer controller C is four, and the number of data bus b is four. 
These numbers are not limited to this case but can be set arbitrarily. One data bus comprises a 
plurality of signal lines. 

[0429] A combination of the present embodiment and Embodiment 1 can also be applied. Or a 
combination of the present embodiment and Embodiment 2 can also be applied. 
[0430] (Embodiment 4) 
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[0431] Fig. 4 shows a block diagram of a moving image processing apparatus according to 
Embodiment 4. In Fig. 4, the same units are labeled by the same symbols as in Fig. 1, and the 
explanation for these is omitted. 

[0432] As shown in Fig. 4, die moving image processing apparatus comprises a main data memory 
1, a processor 2, a direct memory access controller pMA controller) 3, special purpose function 
units uO ~ u3, a data transfer controller 1 0, a data bus 4, and a data bus 9. 
[0433] The processor 2 comprises a calculating circuit 21 and a local data memory 22. The special 
purpose function unit uO comprises a local data memory mO and a decoding circuit fD. The special 
purpose function unit ul comprises a local data memory ml and a filtering circuit fl. The special 
purpose function unit u2 comprises a local data memory m2, and a filtering circuit £2. The special 
purpose function unit u3 comprises a local data memory m3 and a filtering circuit f3. The special 
purpose function unit u4 comprises a local data memory m4 and a filtering circuit f4. The moving 
image processing apparatus corresponds to the data processing system. The processor 2 
corresponds to the data processing apparatus operable to execute the data processing under 
program control. 

[0434] Each of special purpose function units uO ~ u4 corresponds to the data processing apparatus 
(a data processing apparatus consisting of the special purpose hardware specialized to a designated 
function) to execute the data processing under wired logic control. 

[0435] The special purpose function units uO ~ u4 are collectively expressed as a special purpose 
function unit u. 

[0436] The local data memories mO ~ m4 are collectively expressed as a local data memory m. 
[0437] The decoding circuit fO and the filtering circuits fl ~ f4 are collectively expressed as a 
special purpose calculating circuit f. 

[0438] The function and the operation for each unit as shown in Fig. 1 are simply described. The 
main data memory 1 stores the data. For example, the main data memory 1 stores the resultant data 
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of the processing by the processor 2 or the resultant data of the processing by the special purpose 
function units uO - u4. 

[0439] The processor 2 executes the data processing under program control. The local data 
memory 22 of the processor 2 stores the data transferred from the main data memory 1 or the 
resultant data of the processing by the calculating circuit 2 1 . 

[0440] The calculating circuit 21 of the processor 2 carries out data manipulation or calculation 
ordered by the instructions. For example, the calculating circuit 21 executes a calculating operation 
for the data, transferred from the main data memory 1 and stored in the local data memory 22, and 
stores the resultant data into the local data memory 22. 

[044 1 ] The local data memory mO of the special purpose function unit uO stores the data transferred 
from the main data memory 1 or the resultant processed data by the decoding circuit fO. 
[0442] The decoding circuit fl) of the special purpose function unit uO performs the decoding of the 
data stored in the local data memory mO, and stores the result (decoded moving image data) into 
the local data memory mO. 

[0443] To put it more concretely, the decoding circuit fD decodes the decoding target encoded data, 
encoded by an MPEG system, and stores the resultant decoded moving image data into the local 
data memory mO. 

[0444] The local data memories ml ~m4 of the special purpose function units ul - u4 store the 
data transferred from the main data memory 1 or the result of decoding (decoded moving image 
data) by the decoding circuit fO. 

[0445] The filtering circuits fl - f4 of the special purpose function units ul - u4 perform the 
filtering operation for the data stored in the corresponding local data memories ml ~ m4, and store 
the corresponding result into the corresponding local data memories ml ~m4, respectively. 
[0446] The DMA controller 3 controls the data transfer between the main data memory 1 and the 
local data memory 22, or the data transfer between the main data memory 1 and the local data 
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memories mO ~ m4. 

[0447] The data bus 4 connects the processor 2 and the special purpose function units uO ~ u4, via 
the main data memory 1 . 

[0448] The data transfer between the main data memory 1 and the processor 2 or the data transfer 
between the main data memory 1 and the special purpose function units uO ~ u4 are performed via 
the data bus 4. 

[0449] The data transfer controller 1 0 controls the data transfer from the local data memory mO of 
the special purpose function unit uO to the local data memories ml ~ m4 of the special purpose 
function units uO ~ u4. 

[0450] The data bus 9 connects the special purpose function unit uO and the special purpose 
function units ul ~ u4, and performs the data transfer from the special purpose function unit uO to 
the special purpose function units uO ~ u4. 

[045 1] The filtering circuits fl ~ f 4 are described in detail. Each of the filtering circuits fl ~ f4 
executes the filtering processing to reduce noises in the decoded moving image that is decoded 
from the encoded image data by the MPEG system. 

[0452] In the MPEG system, spatial correlation among the blocks in the same frame is lost, since 
the encoding is performed per block consisting of 8 pixels x 8 pixels. 

[0453] As a result, the boundary of the block becomes like discontinued mosaic patterns. This 
noise is called block noise. 

[0454] As one of the methods of removing the block noise, a new block including the pixels on the 
boundary of the adjacent block is filtered. 

[0455] In the processing of removing the block noise by the method described above, all the blocks 
constituting one frame need to be filtered, and a large amount of the processing is needed. 
[0456] In the present embodiment, focusing to the fact that parallel processing is possible in the 
present embodiment, four special purpose function units ul ~ u4 are provided to execute filtering 
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operations for four blocks simultaneously. In this way, a high speed processing in filtering is 
realized. 

[0457] The processing flow for the moving image processing apparatus according to Embodiment 
4 is described. 

[0458] First, upon instruction by the processor 2, the DMA controller 3 transfers the decoding 
target encoded data stored in the main data memory 1 to the local data memory mO of the special 
purpose junction unit uO, via the data bus 4. 

[0459] The concrete processing in this case is similar to the decoding process in Embodiment 1, as 
shown in Fig. 1, where the DMA controller 3, upon instructed by the processor 2, transfers the 
decoding target encoded data stored in the main data memory 1 to the local data memory MO of 
the special purpose function unit UO via the data bus 4, as shown in Fig. 1 . 
[0460] When the above-mentioned data transfer is completed, the processor 2 receives, from the 
DMA controller 3, a notice of the completion of the data transfer. 

[0461] After receiving the notice, the processor 2 instructs the special purpose function unit uO to 
start the signal processing. 

[0462] The decoding circuit fO of the special purpose function unit uO, having received the 
instruction, executes the decoding processing for the decoding target encoded data stored in the 
local data memory mO, and stores the resultant decoded moving image data into the local data 
memory mO. 

[0463] Then, the decoded moving image data stored in the local data memory mO is transferred to 
the local data memories ml - m4 of the special purpose function units uO - u4, via the data bus 9. 
To put it concretely, the data transfer is executed as follows. 

[0464] Responding to the completion of the storage of the decoded moving image data into the 
local data memory mO, the special purpose function unit uO issues a request of the data transfer to 
the data transfer controller 10. 
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[0465] If the special purpose function units ul ~ u4 are ready for receiving the data, the data 
transfer controller 1 0 transfers the decoded moving image data stored in the local data memory mO 
to the local data memories m 1 ~ m4 via the data bus 9. The unit of the data transfer in this case is 
per block. 

[0466] Therefore, the per block data unit is inputted and stored in each of the local data memories 
ml ~m4, respectively. 

[0467] After the completion of the data transfer, the special purpose function units uO informs each 
of the special purpose function units ul ~ u4 of the completion of the data transfer. 
[0468] Having received the notice of the completion, the filtering circuits fl - f4 of the special 
purpose function units ul ~ u4 starts the filtering process for the block data stored in the 
corresponding local data memories ml ~ m4. 

[0469] Then, the filtering circuits fl ~ f4 store the resultant data after the filtering process into the 
corresponding local data memories ml ~m4. 

[0470] After the completion of the filtering process, the special purpose function units ul - u4 
inform the processor 2 of the completion of the filtering process. 

[0471] Upon receiving the notice, the processor 2 transfers the filtered decoded moving image data 
stored in the local data memories ml ~ m4, to the main data memory 1 . 
[0472] On this occasion, the processor 2 executes a series of instructions to transfer the filtered 
decoded moving image data, stored in the local data memories ml ~ m4, to the main data memory 
1 and issues a request of the data transfer to the DMA controller 3. 

[0473] The DMA controller 3 performs arbitration between the concerned request of the data 
transfer and other requests of data transfer via data bus 4, and finally executes the data transfer from 
the local data memories ml ~m4 to the main data memory 1 , after accepting the concerned request 
of the data transfer by the processor 2. 

[0474] The path for this data transfer is a path leading to the main data memory 1 from the local 
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data memories ml ~m4 via the data bus 4. 

[0475] As described above, since the data bus 9 connecting the special purpose function units ul ~ 
u4 which is operable under wired logic control is provided in the present embodiment, the data 
transfer from the special purpose function unit uO to the special purpose function units ul ~ u4 can 
be executed via the data bus 9. 

[0476] For this reason, the frequency of the data transfer via the data bus 4 can be suppressed. 
Therefore, in an instance of executing a series of processing (a series of processing pertaining to 
decoding) by the processor 2 operable under program control and by the special purpose function 
units uO ~ u4, the waiting time for the data transfer can be suppressed. 

[0477] As a result, the efficiency for data processing can be increased, independently of the number 
of the special purpose function units uO ~ u4. 

[0478] Furthermore, the flexibility in the data processing by the processor 2 operable under 
program control, and the reduction of electric power consumption by the special purpose function 
units uO ~ u4, operable under wired logic control, can be maintained. 

[0479] In the present embodiment, the data bus 9 performs unilateral data transfer between the 
special purpose function unit uO and the special purpose function units ul - u4. 
[0480] Therefore, it is easier to control the data transfer than in the case of bilateral data transfer. 
[0481] In the present embodiment, the special purpose function unit uO is connected to the special 
purpose function units ul - u4 via the data bus 9. Furthermore, a unilateral data transfer from the 
special purpose function unit uO to the special purpose function units ul ~ u4 is performed via the 
data bus 9. 

[0482] With such a structure, the special purpose function units ul ~u4can execute in parallel the 
filtering process for the resultant decoded moving image data of the special purpose function unit 
uO. As a result, the high speeding in the processing can be realized. 

[0483] In the case described above, when the data transfer to the special purpose function units ul 
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~ u4 is completed, the special purpose function unit uO informs the special purpose function units 
u 1 ~ u4 of the completion of the data transfer. 

[0484] By a trigger of receiving the notice of the completion for data transfer from special purpose 
function units uO, the filtering circuits fl ~ f4 of the special purpose function units ul ~ u4 start to 
execute the filtering process. 

[0485] The filtering circuits fl - f4 can also be started by the control of the processor 2, in a similar 
manner as explained in Embodiment 1 . 

[0486] In the above-mentioned case, responding to the completion of storing the resultant data into 
the local data memory mO, the special purpose function unit uO issues, to the data transfer controller 
1 0, a request of the data transfer. 

[0487] The processor 2 can also issue, to the data transfer controller 10, the request of the data 
transfer, in a similar manner as explained in Embodiment 1 . 

[0488] In the above-mentioned case, the control of the data transfer to the special purpose function 
units ul ~ u4 from the special purpose function unit uO via data bus 9 is performed by the data 
transfer controller 1 0. 

[0489] However, the processor 2 can also perform the control of the data transfer, in a similar 
manner as explained in Embodiment 1 . 

[0490] In case that the processor 2 performs the data transfer via the data bus 9, the data transfer 
controller 1 0 becomes unnecessary. Therefore, the reduction in the area of circuits to be packaged 
can be realized. 

[0491] Furthermore, in this case, the data transfer via the data bus 9 among the special purpose 
function units uO ~ u4 becomes possible to be program-controlled by the processing 2. As a result, 
the data transfer among the special purpose function units uO - u4 can be freely performed. 
[0492] In case of the data transfer controller 1 0 performing the control of the data transfer via data 
bus 9, the load of the processor 2 can be reduced. 
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[0493] In the case described above, the special purpose function unit uO comprises the decoding 
circuit fO to perform the decoding process, and the special purpose function units ul ~ u4 comprise 
the filtering circuits fl - f4 to perform the filtering process. 

[0494] However, the function of the special purpose filtering circuit f of the special purpose 
function unit u is not limited to the example described above, and the present embodiment can be 
applied to a special purpose filtering circuit f with an arbitrary function. 

[0495] In the case described above, the unilateral data transfer from the special purpose function 
units uO to the special purpose function units ul ~ u4 is performed. According to the liinction of the 
special purpose filtering circuit f of the special purpose function unit u, the data transfer in an 
arbitrary direction between any of the special purpose function units u can be performed via the 
data bus 9. 

[0496] As described above, provided that the data transfer in an arbitrary direction between any of 
the special purpose function units u is possible, various kinds of processing can be performed just 
by changing the special purpose function unit u, without changing hardware structure of the data 
transfer controller 1 0, which controls the data transfer via data bus 9. 

[0497] In the case described above, it is assumed that the number of special purpose function units 
ul ~ u4 is four. The number of the special purpose function units is not limited to the case, but can 
be arbitrarily changed. 

[0498] The present embodiment can be combined with Embodiments 1 ~ 3. 
[0499] (EMBODIMENT 5) 

[0500] The whole structure of the moving image encoding/decoding apparatus according to 
Embodiment 5 is the same as the whole structure of the moving image encoding/decoding 
apparatus shown in Fig. 1. 

[0501] Therefore, in the explanation of Embodiment 5, the moving image encoding/decoding 
apparatus shown in Fig. 1 is explained as the moving image encoding/decoding apparatus of 
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Embodiment 5. 

[0502] However, in the moving image encoding^decoding apparatus according to Embodiment 5, 
other special purpose function units are provided in stead of the special purpose function units Ul 
and U2 shown in Fig. 1 . This point is explained in detail. 

[0503] Fig. 5 shows a block diagram of a main part of the moving image encoding/decoding 
apparatus according to Embodiment 5. In Fig. 5, the same components as in Fig. 1 are labeled with 
the same symbols as in Fig. 1 . 

[0504] As shown in Fig. 5, the moving image encoding/decoding apparatus according to the 
present embodiment provides a special purpose function unit 100 in place of the special purpose 
function unit Ul shown in Fig. 1, and a special purpose function unit 200 in place of the special 
purpose function unit U2 shown in Fig. 1. In the following, an explanation is made focusing on 
different features from Embodiment 1. 

[0505] As shown in Fig. 5, the special purpose function unit 100 comprises a local data memory 
Ml, a quantization/inverse quantization circuit Fl, a selector 104, and data buses 101, 102, and 
103. 

[0506] The special purpose function unit 200 comprises a local data memory M2, a discrete cosine 
transform/inverse discrete cosine transform circuit (DCT/TDCT circuit) F2, a selector 204, and data 
buses 201, 202, and 203. 

[0507] The data bus B01 connects the local data memory M0 of the special purpose function unit 
U0 shown in Fig. 1 to the local data memory Ml of the special purpose function unit 100. 
[0508] The data bus 103 connects the local data memory Ml to the quantization/inverse 
quantization circuit Fl. 

[0509] The data bus 102 connects the quantization/inverse quantization circuit Fl to the data bus 
B 12 via the selector 104. 

[0510] The data bus 101 connects the local data memory Ml to the data bus B12 via the selector 
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104. 

[051 1] The data bus B12 connects the selector 104 of the special purpose function unit 100 to the 
selector 204 of the special purpose function unit 200. 

[05 12] The data bus 201 connects the local data memory M2 to the data bus B 12 via the selector 
204. 

[05 1 3] The data bus 202 connects the DCT/IDCT circuit F2 to the data bus B12 via the selector 
104. 

[05 14] The data bus 203 connects the local data memory M2 to the DCT/IDCT circuit F2. 

[05 1 5] The data bus B23 connects the local data memory M2 of the special purpose function unit 

200 to the local data memory M3 of the special purpose function unit U3 shown in Fig. 1 . 

[0516] The selector 104 of the special purpose function unit 100 selects either the data bus 101 or 

the data bus 1 02, and connects the selected data bas to the data bus B 1 2 

[05 1 7] The selector 204 of the special purpose function unit 200 selects either the data bus 201 or 

the data bus 202, and connects the selected data bas to the data bus B12. 

[0518] The operation in encoding and decoding for the moving image is described. First, the 

operation in encoding is described. The encoding process in this case is one by MPEG system, for 

example. 

[05 1 9] The processing up to where the difference data is transferred to the local data memory M2 
of the special purpose Sanction unit 200 via the data bus B23, is the same as the process up to 
where the difference data is transferred to the local data memory M2 of the special purpose 
function unit U2 via the data bus B23, in the encoding process according to Embodiment 1 . 
[0520] Synchronizing with a designated clock, the difference data is continuously inputted from the 
local data memory M2 to the DCT/IDCT circuit F2 of the special purpose function unit 200. 
[0521] The DCT/IDCT circuit F2 can perform the discrete cosine transform process for each 
difference data. 
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[0522] The DCT/IDCT circuit F2 is a synchronized circuit, operating in synchronization with the 
designated clock. The DCT/IDCT circuit F2 inputs one difference data in one cycle of the 
designated clock, executes the processing of the discrete cosine transform for the one difference 
data in several cycles, and outputs one DCT coefficient data in one cycle. 
[0523] Therefore, each of the resultant DCT coefficient data is continuously outputted from the 
DCT/IDCT circuit F2 to the data bus 202, after the delay of several cycles from the start of the 
processing, synchronized with the clock. 

[0524] In this case, the selector 204 selects the data bus 202, and connects the data bus B 12 and the 
data bus 202. 

[0525] Therefore, each DCT coefficient data from the DCT/IDCT circuit F2 is continuously 
outputted to the data bus B 12 via the data bus 202, synchronizing with the designated clock 
described above. 

[0526] In this case, the selector 1 04 of the special purpose function unit 1 00 selects the data bus 1 02, 
and connects the data bus B12 and the data bus 102. 

[0527] Therefore, each DCT coefficient data from the DCT/IDCT circuit F2 is inputted to the data 
bus 1 02 via the data buses 202 and B 12, synchronizing with the designated clock described above. 
[0528] The quantization/inverse quantization circuit Fl can execute the processing of the 
quantization for each DCT coefficient data. 

[0529] The quantization/inverse quantization circuit Fl is a synchronized circuit, operating in 
synchronization with the designated clock. The quantization/inverse quantization circuit Fl inputs 
one DCT coefficient data in one cycle of the designated clock, executes the processing of the 
quantization for one DCT coefficient data in one cycle, and outputs one quantized DCT coefficient 
data in one cycle. 

[0530] Therefore, the quantization/inverse quantization circuit Fl executes sequentially the 
processing of the quantization for each of the DCT coefficient data, continuously inputted in 
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synchronization with the designated clock. 

[0531] The quantization/inverse quantization circuit Fl outputs the resultant quantized DCT 
coefficient data to the data bus 103, synchronizing with the clock, and then stores the quantized 
DCT coefficient data into the local data memory Ml . 

[0532] In the processing described above, the path, leading to the local data memory Ml of the 
special purpose function unit 100 from the local data memory M2 of the special purpose function 
unit 200, is a path from the local data memory M2, the data bus 203, the DCT/IDCT circuit F2, the 
data bus 202, the selector 204, the data bus B 12, the selector 104, the data bus 102, the 
quantization/inverse quantization circuit F 1 , the data bus 1 03, and to the local data memory Ml . 
[0533] The processing after storing the quantized DCT coefficient data in the local data memory 
Ml of the special purpose function unit 100 is the same as the processing after storing the 
quantized DCT coefficient data in the local data memory Ml of the special purpose function unit 
U 1 , in the encoding processing according to Embodiment 1 . 

[0534] Next, a flow of the processing from the DCT/IDCT circuit F2 to the quantization/inverse 
quantization circuit Fl is described in detail, referring to a timing chart 

[0535] First, the flow of the processing via the local data memories Ml and M2 is described. 
Although this processing is different from the above-mentioned processing, this processing is 
explained, in order to make it easier to understand the effect of the above-mentioned processing. 
[0536] Fig. 6 shows a timing chart of the processing by the moving image encoding/decoding 
apparatus according to Embodiment 5, passing through the local data memories. Fig. 6(a) shows a 
time axis, where one segment indicates one cycle. 

[0537] Fig. 6(b) shows a designated clock, with which the DCT/IDCT circuit F2 and the 
quantization/inverse quantization circuit Fl operate in synchronization. 

[0538] Fig. 6(c) shows a timing chart where the DCT coefficient data #0, #1, , , #n (n is an integer) 
is outputted from the DCT/IDCT circuit F2 to the data bus 203. 



66 



[0539] Fig. 6(d) shows a timing chart where the DCT coefficient data #0, # 1 , , , #n is stored into the 
local data memory M2. 

[0540] Fig. 6(e) shows a timing chart where the DCT coefficient data #0, #1, , 9 #n is transferred 
from the local data memory M2 of the special purpose function unit 200 to the local data memory 
Ml of the special purpose function unit 100. 

[0541] Fig, 6(f) shows a timing chart where the DCT coefficient data #0, #1, , , #n is stored into the 
local data memory Ml of the special purpose function unit 1 00. 

[0542] Fig. 6(g) shows a timing chart where the DCT coefficient data #0, #1, , , #n is read out from 
the local data memory M 1 . 

[0543] Fig. 6(h) shows a timing chart where the quantized DCT coefficient data $0, $1, , , $n (n is 
an integer) is outputted from the quantization/inverse quantization circuit Fl to the data bus 103. 
[0544] The DCT/IDCT circuit F2 operates in synchronization with the clock shown in Fig. 6(b), 
and executes the processing of the discrete cosine transform for one difference data in several 
cycles of the clock. 

[0545] As shown in Fig. 6(c), the DCT/IDCT circuit F2 outputs one DCT coefficient data to the 
data bus 203 in one cycle of the clock. 

[0546] Therefore, as shown in Fig. 6(c), the DCT/IDCT circuit F2 outputs continuously the DCT 

coefficient data #0, # 1 , , , #n to the data bus 203, in synchronization with the clock. 

[0547] In the DCT/TDCT circuit F2, each of the processing of the input of the difference data, the 

discrete cosine transform, and the output of the DCT coefficient data is executed by pipeline 

process. 

[0548] As shown in Figs. 6(c) and (d), in the special purpose function unit 200, the DCT coefficient 
data #N (N=0, 1, , , n-1), outputted to the data bus 203 at a certain cycle, is stoned into the local data 
memory M2 at the next cycle, and the DCT coefficient data #N +1 is outputted to the data bus 203 
at the same next cycle. 
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[0549] When all of the DCT coefficient data #0 - #n complete to be stored into the local data 
memory M2, the special purpose function unit 200 informs the data transfer controller C12 of the 
completion of the storing. 

[0550] Upon receiving the notice of the completion, the data transfer controller C12 transfers, 
synchronizing with the clock, the DCT coefficient data #0 - #n to the local data memory Ml via 
the data buses 201, B12, and 101, as shown in Fig. 6(e). 

[055 1 ] In this case, the selector 204 selects the data bus 20 1 , and connects the data bus 20 1 and the 
data bus B12. TTie selector 104 selects the data bus 101, and connects the data bus 101 and the data 
busB12. 

[0552] As shown in Figs. 6(e) and (f), the DCT coefficient data #N (N=0, 1, , , n-1), outputted to 
the data bus 201 at a certain cycle, is stored into the local data memory Ml at the next cycle, and 
the DCT coefficient data #N+1 is outputted to the data bus 201 at the same next cycle. 
[0553] When the data transfer completes for the entire DCT coefficient data #0 ~ #n, from the local 
data memory M2 to the local data memory Ml, the quantization/inverse quantization circuit Fl is 
started in order to execute the processing of the quantization. 

[0554] As shown in Fig. 6(g), the DCT coefficient data #0 ~ #n is read out from the local data 
memory M 1 , according to the clock. 

[0555] As shown in Fig. 6(h), after a lapse of time t from the beginning of the read-out of the DCT 
coefficient data from the local data memory Ml, the quantization/inverse quantization circuit Fl 
outputs the quantized DCT coefficient data $0 ~ $n (n is an integer) , as the result of quantization 
processing, to the data bus 103. The time t is the latency of the quantization/inverse quantization 
circuit Fl. 

[0556] In the quantization/inverse quantization circuit Fl, each of the processing of the input of the 
DCT coefficient data, the quantization, and the output of the DCT coefficient data is executed by 
pipeline process. 
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[0557] Next, the flow of processing not using the local data memories Ml and M2 is described. 

[0558] Fig. 7 shows a timing chart of the processing by the moving image encoding/decoding 

apparatus according to Embodiment 5, not passing through the local data memories. 

[0559] Fig. 7(a) shows a time axis, where one segment indicates one cycle. 

[0560] Fig. 7(b) shows a designated clock, with which the DCT/IDCT circuit F2 and the 

quantization/inverse quantization circuit Fl operate in synchronization. 

[056 1 ] Fig. 7(c) shows a timing chart where the DCT coefficient data #0, # 1 , , , #n (n is an integer) 
is outputted from the DCT/IDCT circuit F2 to the data bus 202. 

[0562] Fig. 7(d) shows a timing chart where the DCT coefficient data #0, #1 , , , #n is transferred to 
the quantization/inverse quantization circuit Fl of the special function unit 100, via the data buses 
202 5 B12 5 andl02. 

[0563] Fig. 7(e) shows a timing chart where the quantized DCT coefficient data $0, $1, , , $n (n is 
an integer) is outputted from the quantization/inverse quantization circuit Fl to the data bus 103. 
[0564] The DCT/IDCT circuit F2 operates in synchronization with the designated clock and 
executes the processing of the discrete cosine transform for one difference data in several cycles of 
the clock. 

[0565] As shown in Fig. 7(c), the DCT/IDCT circuit F2 outputs one DCT coefficient data to the 
data bus 202 in one cycle of the clock. 

[0566] Therefore, as shown in Fig. 7(c), the IXT/IDCT circuit F2 outputs continuously the DCT 
coefficient data #0 - #n to the data bus 202, according to the clock. 

[0567] In the DCT/IDCT circuit F2, each of the processing of the input of the difference data, the 
discrete cosine transform, and the output of the DCT coefficient data is executed by pipeline 
process. 

[0568] As shown in Figs. 7(c) and 7(d), the DCT coefficient data #N (N=0, 1, , , n-1), outputted to 
the data bus 202 at a certain cycle, is transferred to the quantization/inverse quantization circuit Fl 
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of the special purpose function unit 100 via the data buses 202, B 12, and 102 at the next cycle, and 
the DCT coefficient data #N +1 is outputted to the data bus 202 at the same next cycle. 
[0569] In this way, the DCT coefficient data is continuously inputted to the quantization/inverse 
quantization circuit Fl, according to the clock. 

[0570] In this case, the selector 204 selects the data bus 202, and connects the data bus 202 and the 
data bus B12. The selector 104 selects the data bus 102, and connects the data bus 102 and the data 
bus B 12. 

[0571] As shown in Fig. 7(e), after a lapse of time t from the input of the DCT coefficient data to 
the quantization/inverse quantization circuit Fl, the quantization/inverse quantization circuit Fl 
outputs the resultant quantized DCT coefficient data $0 ~ $n to the data bus 103. The time t is the 
latency of the quantization/inverse quantization circuit Fl . 

[0572] In the quantization/inverse quantization circuit Fl, each of the processing of the input the 
DCT coefficient data, the quantization, and the output of the DCT coefficient data is executed by 
pipeline process. 

[0573] As described above, due to the pipeline process in the DCT/IDCT circuit F2 and the 
quantization/inverse quantization circuit Fl, the DCT coefficient data can be executed for 
quantization, by directly and continuously inputting from the DCT/IDCT circuit F2 to the 
quantization/inverse quantization circuit Fl via the data buses 202, B12, and 102. 
[0574] For the above-mentioned reason, the storing in the local data memory M2, the read-out 
from the local data memory M2, the storing in the local data memory Ml, and the read-out from 
the local data memory Ml can be omitted. Therefore, the efficiency of the encoding process can be 
improved. 

[0575] It is clear from the comparison of Fig. 6 and Fig. 7 that the processing time for the 

processing without a path through the local data memories Ml and M2 (Fig. 7) is shorter. 

[0576] Next, the operation of executing the decoding process is described. In this case, the 
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decoding process is, for example, a processing corresponding to the MPEG system. 
[0577] The processing up to where the quantized DCT coefficient data is transferred to the local 
data memory Ml of the special purpose function unit 100 via the data bus B01, is the same as the 
process up to where the quantized DCT coefficient data is transferred to the local data memory Ml 
of the special purpose function unit Ul via the data bus B01, in the decoding process according to 
Embodiment 1. 

[0578] Synchronizing with the clock, the quantized DCT coefficient data is continuously inputted 
from the local data memory Ml to the quantization/inverse quantization circuit Fl of the special 
purpose function unit 100. 

[0579] The quantization/inverse quantization circuit Fl can perform the processing of the inverse 
quantization for each quantized DCT coefficient data 

[0580] The quantization/inverse quantization circuit Fl is a synchronized circuit, operating in 
synchronization with the designated clock described above. The quantization/inverse quantization 
circuit Fl inputs one quantized DCT coefficient data in one cycle of the clock, executes the 
processing of the inverse quantization for one quantized DCT coefficient data in several cycles, and 
outputs one DCT coefficient data in one cycle. 

[0581] Therefore, from the quantization/inverse quantization circuit Fl, each resultant DCT 
coefficient data is continuously outputted to the data bus 102, in synchronization with the clock, 
after the delay of several cycles from the start of the processing. 

[0582] In this case, the selector 104 selects the data bus 102, and connects the data bus B12 and the 
data bus 102. 

[0583] Accordingly, each DCT coefficient data from the quantization/inverse quantization circuit 
Fl is continuously outputted to the data bus B12 via the data bus 102, in synchronization with the 
designated clock described above. 

[0584] In this case, the selector 204 of the special purpose function unit 200 selects the data bus 202, 
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and connects the data bus B 1 2 and the data bus 202. 

[0585] Accordingly, each DCT coefficient data from the quantization/inverse quantization circuit 
F 1 is inputted to the data bus 202 via the data buses 1 02 and B 1 2, according to the clock. 
[0586] In the quantization/inverse quantization circuit Fl, each of the processing of the input of the 
DCT coefficient data, the inverse quantization, and the output of the DCT coefficient data is 
executed by pipeline process. 

[0587] The DCT/IDCT circuit F2 can execute the processing of inverse cosine transform (IDCT) 
for each of the DCT coefficient data. 

[0588] Furthermore, the DCT/IDCT circuit F2 is a synchronized circuit, operating in 
synchronization with the designated clock. The DCT/IDCT circuit F2 inputs one quantized DCT 
coefficient data in one cycle of the clock, executes the processing of the inverse discrete cosine 
transform for one DCT coefficient data in several cycles, and outputs one difference data in one 
cycle. 

[0589] Therefore, the DCT/IDCT circuit F2 executes sequentially the processing of the inverse 
discrete cosine transform (IDCT) for each of the DCT coefficient data, inputted from the data bus 
202, continuously at every cycle of the clock. 

[0590] The DCT/IDCT circuit F2 outputs the resultant difference data to the data bus 203, 
according to the clock described above. The difference data is stored into the local data memory 
M2. 

[059 1 ] In the DCT/IDCT circuit F2, each of the processing of the input of the DCT coefficient data, 
the inverse discrete cosine transform, and the output of the difference data is executed by pipeline 
process. 

[0592] In the above-described processing, the path from the local data memory Ml of the special 
purpose function unit 100 to the local data memory M2 of the special purpose function unit 200 is a 
path from the local data memory Ml, the data bus 103, the quantization/inverse quantization circuit 
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Fl, the data bus 102, the selector 104, the data bus B12, the selector 204, the data bus 202, the 
DCT/IDCT circuit F2, the data bus 203, and to the local data memory M2. 
[0593] The processing after storing the difference data into the local data memory M2 of the 
special purpose function unit 200 is the same as the processing after storing the difference data in 
the local data memory M2 of the special purpose function unit U2 according to Embodiment 1 . 
[0594] The timing chart of the decoding process via the local data memories Ml and M2 is the 
same as shown in Fig. 6, except that the special purpose function units 100 and 200 replaces each 
other. 

[0595] The timing chart of the decoding process not passing through the local data memories Ml 
and M2 is the same as shown in Fig. 7, except that the special purpose function units 100 and 200 
replaces each other. 

[0596] When the data that is transferred to the local data memory Ml via the data buses 4 and B01, 
is transferred to the special purpose function unit 200 via the data bus B 12, and when the data that 
is transferred from the data bus 1 2, is stored into the local data memory Ml , the selector 104 selects 
the data bus 101, and connects the data bus 101 and the data bus B12. 

[0597] When the data that is transferred to the local data memory M2 via the data buses 4 and B23, 
is transferred to the special purpose function unit 100 via the data bus B12, and when the data that 
is transferred from the data bus B 12, is stored into the local data memory M2, the selector 204 
selects the data bus 201, and connects the data bus 201 and the data bus B12. 
[0598] As described above, the present embodiment comprises the same configuration as in 
Embodiment 1. For this reason, the present embodiment can improve the efficiency of the data 
processing, while maintaining flexibility of data processing under program control and reduction of 
the electric power consumption. Furthermore, the present embodiment has the same effects as in 
Embodiment 1. 

[0599] In the present embodiment, in case that the DCT/IDCT circuit F2 executes the processing 
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for the result processed by the quantization/inverse quantization circuit Fl, and in case that the 
quantization/inverse quantization circuit Fl executes the processing for the result processed by the 
DCT/IDCT circuit F2, the selector 1 04 selects the data bus 1 02 and connects it to the data bus Bl 2, 
and the selector 204 selects the data bus 202 and connects it to the data bus B 1 2. 
[0600] In this way, by providing the data buses 102 and 202 that connect directly the 
quantization/inverse quantization circuit Fl and the DCT/IDCT circuit F2, the resultant data of the 
quantization/inverse quantization circuit Fl can be directly inputted to the DCT/IDCT circuit F2 
via the data bus B 1 2, without storing the resultant data into the local data memory Ml temporarily. 
[0601] For this reason, the processing of the quantization/inverse quantization circuit Fl and the 
processing of the DCT/IDCT circuit F2 for the result of the quantization/inverse quantization 
circuit Fl can be executed in parallel. 

[0602] Similarly, the processing of the DCT/EDCT circuit F2 and the processing of the 
quantization/inverse quantization circuit Fl for the result of the DCT/IDCT circuit F2 can also be 
executed in parallel. As a result, the speed of the processing can be increased. 
[0603] In the case described above, the special purpose function unit 100 is furnished with the 
quantization/inverse quantization circuit Fl, and the special purpose function unit 200 is furnished 
with the DCT/IDCT circuit F2. 

[0604] However, the function of the special purpose function unit F is not limited to the case stated 
above. The present embodiment can also be applied to a special purpose function unit F furnished 
with an arbitrary function. 

The present embodiment and Embodiments 1 to 4 can also be combined with each other. 
[0605] (EMBODIMENT 6) 

[0606] Fig. 8 shows a block diagram of a data processing system according to Embodiment 6. In 
Fig. 8, the same units are labeled by the same symbols as in Fig. 1, and the explanation for these is 
omitted. 
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[0607] As shown in Fig. 8, the data processing system comprises a main data memory 1, a 
processor 2, a direct memory access controller (DMA controller) 3, special purpose function units 
a0 ~ aN (N is an integer equal to or greater than unity), a data bus 4, and data buses eO ~ eN (N is 
an integer equal to or greater than unity). 

[0608] The processor 2 comprises a calculating circuit 21 and a local data memory 22. The special 
purpose Sanction units aO ~ aN comprise selectors 50 ~ 5N (N is an integer equal to or greater than 
unity), local data memories yO ~ yN, and special purpose calculating circuits (30 ~ pN (N is an 
integer equal to or greater than unity). 

[0609] The processor 2 corresponds to the data processing unit to execute the data processing under 
program control. 

[0610] Each of the special purpose function units a0 ~ aN corresponds to the data processing unit 
(a data processing unit consisting of a special purpose hardware specialized to a designated 
function) to execute the data processing under wired logic control. 

[061 1] The special purpose function units arc collectively expressed as a special purpose function 

unit a. The data buses eO ~ eN are collectively expressed as a data bus e. 

[0612] The selectors 50 ~ SN arc collectively expressed as a selector 5, the local data memories yO 

~ yN are collectively expressed as a local memory y, and the special purpose calculating circuits {30 

- pN are collectively expressed as a special purpose calculating circuit p. 

[061 3] The data bus 4 connects the processor 2 to the special purpose function units a0 ~ aN via 

the main data memory 1 . 

[0614] One arbitrary data bus e connects the local data memory y of the corresponding special 
purpose function unit a to the selector 5 of all the other special purpose function unit a, except the 
corresponding special purpose junction unit a. 

[0615] For example, the data bus eN connects the local data memory yN of the corresponding 
special purpose function unit aN to the selectors 50 ~ 5N-1 of all the other special purpose function 
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units aO ~ aN-1 except the corresponding special purpose function unit aN. 
[0616] The operation of each unit is described. The main data memory 1 stores the data For 
example, the main data memory 1 stores the result of the processing in the processor 2 or the result 
of the processing in the special purpose function unit a. 

[0617] The processor 2 executes the data processing under program control. The local data 
memory 22 of the processor 2 stores the data transferred from the main data memory 1 or the result 
of the processing in the calculating circuit 21. 

[0618] The calculating circuit 21 executes data manipulation or calculation ordered by the 
instructions. For example, the calculating circuit 21 performs the processing of operating for the 
data, transferred from the main data memory 1 and stored in the local data memory 22, and stores 
the result of processing into the local data memory 22. 

[0619] The local data memory y of the special purpose function unit a stores the data transferred 
from the main data memory 1 or the result of the processing in the corresponding special purpose 
calculating circuit p. 

[0620] The special purpose calculating circuit p of the special purpose function unit a performs the 
predetermined calculation for the data stored in the corresponding local data memory y, and then 
stores the result into the corresponding local data memory y. 

[0621] The DMA controller 3 controls the data transfer between the main data memory 1 and the 
processor 2, and the data transfer between the main data memory 1 and the special purpose 
function unit a. 

[0622] The data bus e performs the data transfer from the corresponding special purpose function 
unit a to the other special purpose function unit a. 

[0623] For example, the data bus sN transfers the data, stored in the local data memory y of the 
corresponding special purpose function unit aN, to the selected special purpose function unit of the 
other special purpose function units a0 ~ aN-1 . 
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[0624] The selector 8 selects one channel of the data bus of the connected data bus of N-l channels, 
and connects it to the corresponding local data memory y . 

[0625] For example, after selecting one channel of the data buses eO ~ eN of the connected data bus 
of N-l channels, the selector 8N connects it to the corresponding local data memory yN. 
[0626] A link map table 12 is stored in the register 1 1. The link map table 12 is a table to specify a 
special purpose function unit a as the source of the data transfer and another special purpose 
function unit a as the destination of the data transfer, for the special purpose function unit a 
[0627] Therefore, the selector 8 practically connects the special purpose function unit a as the 
source of the data transfer to the special purpose function unit a as the destination of the data 
transfer, according to the link map table 12. 

[0628] The practical connection means that the local data memory y of the special purpose function 
unit a as the source of the data transfer is connected to the local data memory y of the special 
purpose function unit a as the destination of the data transfer, and does not mean that the local data 
memory y of the special purpose function unit a is simply connected to the selector 8 of the other 
special purpose function unit a. 

[0629] The processor 2 can rewrite the content of the link map table 12 in the register 1 1 . Namely, 
the processor 2 can set the content of the link map table 12 arbitrarily. 

[0630] To put it concretely, before starting executing the data processing by the data processing 
system, the processor 2 sets the content of the link map table 12 based on the content of the 
processing by the data processing system and the implementations and structure of the special 
purpose function unit a. 

[063 1 ] According to the link map table 1 2 set by the processor 2, the selector 8 practically connects 
the special purpose function unit a as the source of data transfer to the special purpose function unit 
a as the destination of the data transfer, by the data bus 8. 

[0632] In the following, this point is described referring to an example. It is assumed that the 
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processor 2 executes a series of instructions for setting a value to the address in the link map table 
12, allocated in the memory space of the processor 2. It is farther assumed that for example, as 
shown in Fig. 8, the processor 2 sets the destination of data transfer for the special purpose fiinction 
unit al to the special purpose fiinction unit am, the destination of data transfer for the special 
purpose fiinction unit am to the special purpose fiinction unit al, the destination of data transfer for 
the special purpose fiinction unit am to the special purpose fiinction unit aN, and the destination of 
data transfer for the special purpose fiinction unit aN to the special purpose function unit am. 

[0633] Such a setup of the link map table 12, for example, can be performed by the processor 2, 
according to the instruction of an external controller (not shown) to control the data processing 
system, or according to an initializing program, installed previously in this data processing system 
and used at the time of the system start-up. 

[0634] The selector 5 of the special purpose fiinction unit a uses, as control information, the 
information of the source of data transfer and the destination of data transfer, which are set on the 
link map table 12. 

[0635] According to the link map table 12, the selector 8m of the special purpose fiinction unit am 
selects the data bus el, and practically connects the local data memory yl of the special purpose 
function unit al and the local data memory ym of the special purpose fiinction unit am. 
[0636] By this connection, the data stored in the local data memory yl of the special purpose 
fiinction unit al is transferred to the local data memory ym of the special purpose function unit am. 
[0637] The special purpose calculating circuit Pm of the special purpose function unit am executes 
the processing of calculating for the data stored in the local data memory ym, and then stores the 
result into the local data memory ym. 

[0638] According to the link map table 12, the selector 5N of the special purpose fiinction unit aN 
selects the data bus em, and then practically connects the local data memory ym of the special 
purpose fiinction unit am with the local data memory yN of the special purpose fiinction unit aN. 
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[0639] By this connection, the data stored in the local data memory ym of the special purpose 
fiinction unit am is transferred to the local data memory yN of the special purpose function unit aN. 
[0640] The special purpose calculating circuit PN of the special purpose fiinction unit aN executes 
the processing of calculating for the data stored in the local data memory yN, and then stores the 
result into the local data memory yN. 

[0641] As described above, in the present embodiment, the data buses eO ~ sN are provided to 
connect the special purpose fiinction units a0 ~ aN operating under wired logic control. 
[0642] Therefore, the data transfer among the special purpose function units a0 ~ aN can be 
performed via the data buses eO ~ sN. 

[0643] For this reason, the frequency of the data transfer via the data bus 4 can be suppressed. 
Therefore, when a series of processing is performed by the processor 2 operating under the 
program control and by the special purpose function units a0 ~ aN, the reduction of the waiting 
time for the data transfer can be realized. 

[0644] As a result, the improvement of efficiency for data processing can be realized, not 
depending on the number of the special purpose function units a0 ~ aN. 
[0645] The flexibility of the data processing by the processor 2, operating under program control, 
and the reduction of electric power consumption by the special purpose function units a0 ~ aN, 
operating under wired logic control, can be maintained. 

[0646] In the present embodiment, the bilateral data transfer between the special purpose function 
unit a and the other special purpose function unit a can be performed by using the data bus 6. 
[0647] Therefore, the result of one special purpose function unit a can be processed by the other 
special purpose function unit a, and the result of the other special purpose function unit a can be 
processed by one special purpose function unit a. 

[0648] In the present embodiment, the data transfer in an arbitrary direction among arbitrary special 
purpose function units a can be performed, according to the function of the special purpose 
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calculating circuit p in the special purpose function unit a via the data bus e. 
[0649] By providing the data bus e and making it possible to transfer data in an arbitrary direction 
among arbitrary special purpose function units a possible, a various data processing can be carried 
out, by only changing the special purpose function unit a Changing the hardware structure for the 
data bus e or for the processor 2 that controls the data transfer with the data bus e is not necessary 
for this processing. 

[0650] In the present embodiment, when the processor 2 controls the data transfer via the data bus e, 
a special circuit to control the data transfer via the data bus e is unnecessaiy, and the reduction in the 
area of circuits to be packaged can be realized. 

[0651] Furthermore, it is possible for the processor 2 to program-control the data transfer via the 
data bus e among the special purpose function units a. As a result, the data transfer between the 
special purpose function units a can be performed without any restrictions. 
[0652] Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those precise 
embodiments, and that various changes and modifications may be effected therein by one skilled in 
the art without departing from the scope or spirit of the invention as defined in the appended claims. 



